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Section 1

BURN WOUNDS: THE HEALING PROCESS

1.1 Introduction

It has long been recognized that burns cause severe systemic and
local disturbances of tissue metabolism and morphology. This section will pro-
vide an overview of the complete healing process, with stress on topics relevant
to the use of pre— and post-debridement wound coverings. Many of the phenomena
of the burn healing process can be affected by the use of such coverings, but
there is still considerable room for improvement in such materials and their

methods of use.

Areas which will be covered in this section are 1) initial and
ongoing circulating changes, and edema; 2) invasive cellular processes; 3)
structures of the new tissue matrix; 4) wound coverage via contraction and epi-
dermal migration; 5) immune system changes, 6) toxins released from the burn

site; and 7) miscellaneous burn-associated disorders.
This general but broad overview will serve as a basis for a later
discussion of present and future desirable properties of burn wound coverings,

which serve as a worst-case model of wound-coverings after skin loss.

1.2 Edema, Circulation, and Eschar

1.2.1 Initial Edema

The initial local effect of burn is the establishment of several
zones of differential damage and blood flow. Closest to the heat source is a
zone of coagulation, with thrombosed blood vessels. Next distant lies a zone
of stasis, with blood stagnant but not clotted; finally a zone of increased cir-

culation surrounds this. Very mild burns may lack the second and/or first
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zones, whereas severer burns, such as from flame, may possess actual charring as
well (39,165).1

This pattern, established soon after the burn, persists for 24-48
hours in milder burns, longer in severer burns, and results in deprivation of
oxygen to tissue in the stasis zone, causing its death. Thus the burn site is
actually progressively damaged for at least several days post-burn (165,193).
The blood stasis may be partially caused by white blood cells adhering to the
walls of venules distant to the burn, thus blocking them (93). The gross
manifestation of this stage 1s edema, which is widespread in >30%Z-body-
surface-area (%BSA) burns. The edema results partly from the local stasis/
blockage pressure but mostly from systemic increased vascular permeability.
Mediators of permeability are notably released by complement system activation
and include histamine, prostaglandins, 5-hydroxytryptamine, and kinins. 1In the
zone of coagulation, treatment with fibrinolytics (intravenously) has led to
possible diminution of necrotic area (177).

Although this increased permeability leads to protection by fluid
supply to the burn site, it also leads to pulmonary edema and shock (127).
Therefore, techniques to control it are of interest. The oldest is cold water
cooling post-burn. This is notably effective in preventing histamine release
from mast cells at the burn site. Though animal studies indicate cooling may
decrease tissue pOj levels, it also usually decreases early edema and protein
extravasation (46,217). Cooling also leads to increased blood vessel patency
retention (260). In animal models, cooling delayed more than, 30 minutes post-
burn is useless; the sooner the better. However, another study found that

cooling delayed only two minutes was followed by impaired resorption of edema

lThe full effects of burns are exhibited at skin temperatures well below those
of charring. Considerable work on human models (128,129) has established
correlations of thermal exposure skin temperature profiles, pain and magnitude
of the expected resultant burns; other animals are extensively used for testing
though modeling human skin responses less closely (32,125,139,247,252), e.g.,
lacking the ability to form blisters.
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fluids as late as one week later, and the possibility of creation of a deeper
burn by improperly prolonged cooling exists (211). (Deeper burns may cause less
edema than shallow ones, hence short term edema measurements do not reveal
this.) A definitive study on this point has not, apparently, been done on a por-

cine model.

The increased permeability of blood vessels at the burn si
together with the altered permeability of the damaged epidermis to subs ces
ranging from water to macromolecules (207,265) leads to immediate and ¢
tinuing fluid losses. It is the intention of immediate post-burn cove: “0
provide a barrier to stop this huge water loss. (The permeabilify chan, might
be simultaneously lessened by the (I.V.) use of Hy-histamine antagonists and
prostaglandin blockers.) The value of providing such a barrier, whether by
immediate or delayed coverings, has long been recognized (32). In addition to
the systemic water losses, local dehydration is known to contribute to ischemic

burn necrosis (250).

Chemical means have also been tried to regulate blood flow at the
burn site. Heparin has been used for some time to prevent burn extension in
humans, by countering histamine and proteolytic enzymes at the burn site; it
also prevents edema (129, 209, 230).

Methyl prednisolone acetate, topically applied, improved dermal
perfusion in a guinea pig study (274). This agent is also used as an
antibronchospasmodic post-burn, if necessary (165). The relative importance of
various possible sterold effects, e.g., decreasing leucocyte clogging, inter-
fering with prostaglandins and kinins, decreasing chemotaxis, and stabilizing
lysozymes, is yet unclear. Cimetidine was recently studied in a mouse model
(29); its specific Hp-histamine receptor antagonism was effective in blocking
edema if administered pre-burn. However, the clinical significance of these
histamine Hp-receptor blockers is still in question (39). Cimetidine is, or
course, commonly administered to prevent G.I. ulcers in burn patients. Other
specific inflammation blockers have been tried (170,235,246).

[
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In another approach, inhibitors of proteolytic enzymes, the aproti-
nins contrycal and trasylol, were found to reduce leukocyte infiltration and
apparently diminish 'secondary necrosis' (45,177). This treatment presumably

does not primarily reduce blood-stasis, however.

Histamine is also released from various cell populations by comple-
ment activation; preventing its release by decomplementation pre~burn reduced

murine post-burn shock-lung-type mortality (135).

1.2.2 Long-term Wound Circulation

After the burn site has stabilized, and during subsequent phases of
healing (see below), the wound site is supplied with increased blood flow. Of
the increase in total body blood flow post-burn, 60 percent is supplied to the
wound site, and 20 percent to the liver. This wound circulation is found
responsive to a- but not B-adrenergic mediators, and is apparently not imme-
diately demand regulated (by local glucose metabolism)(127). (The increased
liver flow is thought possibly epinephrine or pyrogen related.) At the burn
site, little or no Oy is utilized; metabolism proceeds by glncose + acetate,
following the preferred pathway for the predominant cell types found at healing
wounds (130). It may be that this hugely increased blood flow is required for
wound repair: thus, attempting to regulate 1it, or the non-heat-loss-sensitive

portion of the concurrent metabolic rate increase, (18,146) may be a poor idea.

1.2.,3 Eschar Formation

Dead tissue at the burn site will spontaneously separate to a remov-
able layer, termed eschar. From animal studies, it is known that germ-free
eschar separates extremely slowly (in rats, 14 months vs. 1 month for controls)
(144), thus implicating immune activity against invading organisms as a cru-
cial part of this process. Because eschar is a fine growth medium (and
infection control difficult in burn patients), its removal, and closure of the
burn wound, is highly desirable. Surgical excision of eschar as appropriately
early as possible, is becoming widely done; this necessitates a post—excision

covering with particular properties (see Section 2). Previously, it was
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believed that adherence of such coverings required prior formation of granula-
tion tissue, the highly vascularized layer which supports the normal wound
processes of recollagenation and reepithelialization; however, it is now clear
that any underlying totally viable tissue may adhere and ingrow into an
appropriate covering. In relation to this, an interesting technique is
described in which porcine heterograft is used as an indicator of burn depth: it
adheres to superficial burns but not to deeper ones which will require anti-
microbial therapy and excision (193). Conceivably other (preferably cheaper)

coverings, perhaps even an immediate post-burn one, could serve this indicator

function.

Research is ongoing in attempts to develop chemical debriders which
would eliminate the need for traumatic, bloody, and technically demanding
debridement (104,106,107,108). Biologically derived debriders have proved
generally slow, disappointing and render the wound far more invadible by bac-
teria (105,140,144,236), although some animal models appeared effective (89).

Another interesting debriding adjunct is the use of ultrasound to

assist cleansing of contaminated surfaces (28).

Lastly, a technique for debridement and cleansing of wound
surfaces, particularly effective on infected sites, involves the use of
Debrisan® (38,48,51,52,53,190) dextranomer beads. These small (.l-.3mm) beads,
sprinkled onto the wound, absorb water and low molecular weight materials, and
are claimed to disinfect wounds by ‘vacuuming up' free bacteria into their
interspaces. Especial advantage is claimed for treatment of hand burns, wherein
prevention of crusting aided preservation of mobility. The bead layer is rinsed
off and fresh material applied periodically, as necessary. This material would
be unsuitable for use with any antibacterial agent. It is not a durable
covering, and it certainly does not aim to prevent fluid loss from the burn

wound.
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1.3 Invasive Cellular Processes

1.3.1 Lleukocytes

Immigrating leukocytes play an important role in burn wound healing
(39,112). Following the burn, polymorphonuclear leukocytes first adhere to

microvascular walls. They then migrate out into tissue, about six hours

post—burn.

When they ingest debris, as one destructive mechanism, they produce
a large quantity of superoxide and peroxide, some of which escapes into the
interstitial fluid. Further interactions due to these materials in the extra-
cellular space are suggested by edema reduction reported with plasma experimen-

tally supplemented with superoxide dismutase and catalase (39).

These neutrophils, of short lifetime, are soon supplanted by
macrophages, which differentiate from circulating monocytes upon arrival in
tissue. They have a number of functions, including phagocytosis of bacteria,
dead tissue (leading to eschar separation) and elastase; digestion of materials
intra- and extra-cellularly by lysosomal enzymes, secretion of collagenase,
release of digestion products as new substrates for tissue construction, release
of autochemoattractants, complement components, interferon, pyrogen, throm-
boplastin, fibroblast and endothelial mitogens, and prostaglandins (i81).
Macrophages become activated by lymphokines, immune complexes, and complement
product C3b., Their role has been recently reviewed (254),

Macrophage prostaglandin release in particular is implicated in
inhibitory growth regulation of lymphocytes and fibroblasts. However, macro-
phages also produce a factor(s), which, at low concentrations, stimulates
fibroblast mitosis. Further work needs to be done to clarify the physiologic
and possible clinical, usefulness of these factors. Macrophages effect colla-
genolysis via a complexly regulated enzyme system, Such breakdown may be re-

tarded by various drugs.
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1.3.2 Fibroblasts

Fibroblasts are attracted to the burn site by factors produced
directly by macrophages, by collagen breakdown products released by the wound,
and possibly other materials (40,79,112), Their primary function is the pro-
duction of new connective tissue, including notably collagen and fibronectin.
Fibroblasts from various normal skin layers upon cell culture exhibit widely
different average rates of production of fibromectin and procollagen, the most
active deriving from the reticular layer (40). They may multiply, and are
activated, by various components of the wound milieu (255). Initially, a net-
work of Type III collagen (reticulin), coated with fibromectin, is deposited,
which serves as a guide and attachment for more fibroblast movement (113). The
mechanics of fibroblast attachment to various types of collagenic substrates
(important when considering collagenic artificial coverings) have been exten-
sively studied (116,206), with a resulting better knowledge of fibroblast

interactions with artificial in vitro collagens than of the in vivo inter-

actions.

In certain special radiation-burn wound situations, implantation of
foreign fibroblasts might serve to speed collagen deposition; however, this is
not envisioned as a general clinical treatment (44). Fibroblasts could well

serve in vitro functions in artificial covering preparation, however (q.v.)(70).

1.4 Structural Components at the Healing Burn Site

1.4.1 Introduction

The primary structural components appearing at the site of a healing
burn (or other wound) include those of normal connective tissue: collagen,
elastin, glycoproteins, glycosaminoglycans and fibronectin, In addition, fibrin
plays an early role, These will be sequentially considered below.
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1.4.2 Collagen

Collagen has been extensively studied, and its synthesis,
excretion, fibril formation, binding abilities, degradation, immunogenicity,
effects on various cells, and in vitro chemistry, -well characterized (197,198,
206). It is special (but not unique)(79) in containing amounts of hydroxypro-~
line which are crucial to its structure. The hydroxyation of the prolines by
prolyl hydroxylase occurs after their incorporation into the forming peptide
chain (253); this process may be interrupted by lack of vitamin C (110), or by
diphenylhydantoin (a FeZt chelator) (16). In such a case, the underhydroxylated
collagen is exuded very slowly and is weak and disordered, slowing the healing
process (18,185)., Collagen is believed to be secreted into membrane-bound
vacuoles, where it forms small molecular aggregates (which increases its tem-

perature stability to denaturation considerably)(189).

Initially, type III collagen (reticulin) is synthesized, which
immediately covers fibronectin which has polymerized at the site on fibrin.
Although in animal excision studies, collagen Type III synthesis soon ceases
(113) studies in human cell cultures suggest a delayed transition to collagen
Type I synthesis. Eventually, the fibroblasts produce Type 1 fibrils, which
regtores tensile strength to the wound surface. The fibrils are coated with
fibronectin (see below), implicated in providing attachment and aifferentiation
control (111,222). As collagen is successively built, it becomes progressively
less soluble to salt and acid and finally, through crosslinking (scar matura-
tion) less collagenase degradible (112,189).

1.4.3 Fibrin

Fibrin is essentially the first protein to form a structure at the
burn site. Its polymerization (i.e. clotting) is triggered by its contact with
the native extravascular collagen (all collagens are variously hemostatic)(221),
and bonding to it is responsible for the initial adherence of artificial
coverings (161,195)., Failure of coverings to adhere to contaminated wounds is
sssociated with the bacterially activated conversion of plasminogen to plasmin,
which then degrades any fibrin present. In addition, bacterial proteolytic

ts
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enzymes can directly degrade fibrin. The fibrin degradation products then inhi-
bit further thrombin-catalysed conversion of fibrinogen to fibrin. Attempts to
boost fibrin synthesis, by thrombin and fibrinogen local supplementation, or to
block fibrin degradation, by a protease inhibitor (trasylol), were not

successful (86).

Although fibrin-based adherence of artifical coverings is presum—
ably covalent, apparently purely non-polar adherence of cyanocacrylate~type
adhesives to various tissues may be achieved by benzoylating the surface, prob-
ably the 3-amino lysine groups, before or along with adhesive application(9).
This technique is not utilized by any current immediate or post—debridement burn

covering.

l.4.4 Fibronectin

Fibronectin, known historically by such names as cold insoluble
globulin, LETS (large, external, transformation sensitive) protein, and
a2 surface-binding (SB) protein, is a component of plasma and tissue whose broad
functions have only recently been under investigation. It is implicated in
cellular growth-control, transformations, morphology, aggregation, and adhesion
(203,220). It is present in normal skin as a component of the basement (cell
exterior) membrane. It is synthesized by fibroblasts, and is also present in
plasma. It is generally believed that all these fibronectins are identical;
certainly they are very similar(20l).

Fibronectin first plays a role in the healing burn by coating the
fibrin at the site. This step, and subsequent linkage of the fibronectin layer
to collagen, are effected by serum factor XIIla (50,111). It has also been
suggested that attachment of cells to native collagen is dependent on glucosyl-
transferase, not fibronectin (see Section 1.4.5)(206). The subsequent tran-
sition of the wound matrix from collagen—-III/fibronectin + fibronectin/collagen-I
has already been mentioned above. The relative contribution of fibronectin at
the wound site from plasma vs. from fibroblast synthesis is as yet unclear
(261), but its primary functions there are well known. These are 1) serving as
a substrate for epidermal, endothelial, and fibroblast cell migrations (266),
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2) cueing the morphology of the developing tissue (206), and 3) prowoting phago-
cytosis by macrophages and fibroblasts (261). 1In connection with this last, the
systemic effects of fibronectin, as liver phagocytosis effector, and increaser
of cardiac output and index, Oy delivery and consumption, and peripheral and
lung blood flows, deserve mention. Serum depletion of fibronectin post-burn
indicates an as yet clinically unexploited role as a supplement for this pro-—
tein (103).

The ability to attach to cells is central to fibronectin's
function.* The mechanism is as yet unclear, but may be dependent on regulation
of configuration on a surface by crowding from other binders, such as albumin,
and only already-surface-attached fibronectin affects binding-receptors on
(other) cells (162). Presence of fibronectin is hypothesized to trigger the
asymmetric distribution of membrane molecules which cells use to induce normal

structural differentiation.

In connection with phagocytosis promotion, fibronectin may play an
important part in scar remodelling, by serving as a marker of damaged, or in any

way unmatured, collagen (261).

Finally, additional importance of fibronectin in regulating wound
repair is suggested by a finding that antibody to fibronectin, applied to-
fibroblasts, raised their rates of mitosis and glycosaminoglycan synthesis
(147).

1.4.5 Glycoproteins and Glycosaminoglycans

Glycoproteins and the glycosaminoglycans (GAGs) they bind are nor-
mal components of the extracellular matrix. Hyaluronate is the major
glycoprotein, and post~burn is degraded and remodelled, leading to erroneous
conclusions when attempting to deduce collagen synthesis by following collagen

S
Fibronectin is not highly selective, it also binds tenaciously to tissue
culture dishes.

10
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as percent of total wound proteins (a prevalent former practice)(79). The gly-
cosaminoglycans of skin, as measured electrophoretically, are not immediately
altered by a third degree burn, suggesting, again, the possibility of minimizing
burn damage by appropriate therapy (264). Glycoproteins and GAGs are known to
affect various cell processes; most important in untreated burn healing may be
that of (along with fibronectin) regulating attachment and detachment of cells,
notably highly mobile ones (50,202). GAGs have been practically used to speed
dental healing and decrease its pain (169); more recently they have been used to
immuno-inactivate collagen in post-debridement burn coverings (3,15,183).

l1.4.6 Elastin

Elastin is the protein responsible for skin elasticity. It is of
some small note for its sparsity in the late burn scar. Myofibroblasts may
function as a replacement for it in the healing wound, trying to place the
collagen network under contraction. Elastin also 1s one of few proteins

(besides collagen and complement) to contain significant hydroxyproline(79,267).

1.5 Wound Closure

l1.5.1 Introduction

Closure of the (untreated) burn wound takes place by the processes
of contraction and epidermal migration. Contraction is the process of bulk skin
movement from the edges, drawn in by active work by myofibroblasts; migration is

the separation and movement of activated epidermal cells over the wound surface.

1.5.2 Contraction

Contraction is accomplished by a specialized fibroblast, the
myofibroblast. This cell, which actively contracts the forming collagen network
by a process similar to muscle action, is known to require a properly formed
network upon which to act; weak and disordered collagen produced by prolyl
hydroxylase inhibition, or by prevention of its crosslinking by lathyrogens,

11
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retards contraction and inhibits development of wound tensile strength; con-
versely, topical treatment with prednisolone acetate hastens wound strength
and might be expected to hasten contraction by forming adequately mature
collagen sooner (16,182). A trade-off in which more exuberant, but less
organized, collagen was produced, by local injection of E. coli endotoxin,
led to net unaffected wound strength (100). Another possible route to
collagen disorganization, by providing proline analogues which will be
unhydroxylatable, is under investigation (91).

Contraction per se leads to some scarring; thus there is incen-
tive to try to speed healing in ways which increase epidermal migration and
decrease contracture (18,35). Post-debridement burn coverings attempt to do
this by providing a matrix which lends to less myofibroblast activity. It
has been suggested that contributing to this process is the ability of the
immature collagen fibrils to adhere strongly when opposed by normal skin
buckling. (This process is presumably unrelated to normal skin tensile-
strength development, which 1s promoted in rats by exposure of incised
wounds (172).) This may lead to contractural scarring at joints (182).
Perhaps Jobst compression garments prevent any such buckling and consequent
gluing. If so, coliagen maturing agents/cross-linkers might hasten the
whole process and permit shorter obligatory Jobst use. One study of thyroid
T3 supplementation in rats, indicated that softer, flatter, and more supple
scars were obtained in excised, then subsequently exposed or grafted sites
(240). Since T3 acts more or less generally, speeding all metabolic pro-
cesses, more specific agents would be of interest. In human burn victims,
T3 and T4 levels are usually normal post-burn, (although production and
clearance are elevated) (127), except for lowered T3 in moribound patients.
In this event supplemental T3 is thought to aid wound healing and leukocyte
mechanisms (127). Animal study of this area is difficult since no animals
mimic man's ability to hypertrophize a scar (267).

1.5.3 Epidermal Migration

Epidermal migration, a process of deinhibition of mitosis and

movement, is thought to be regulated by decreased chalones and/or catechola-
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mines (112) and by specific growth factors present at the wound site
(epidermal and fibroblast growth factors-EGF and FGF)(these will be treated
in Section 3). Various other materials have been investigated which may
stimulate epidermal mitosis (85,115,179,231,262). Salient points for burn
wounds include 1) the necessity of keeping the site wet, if even by only
mild occlusion (114), as dehydration kills epidermal cells; and 2) produc=~

tion of inhibitors by the burn. Crude extracts of (burnt vs. unburnt)

guinea pig skin drastically affected DNA synthesis in epidermal cell culture

(54). Isolation of various toxins from burnt skin is an active field (see

also Section 1.7.2 on burn toxin)(181).

Epidermal migration has been reportedly aided by fine-mesh
synthetic materials, in the (somewhat crude) exposure method of wound
healing. These materials are postulated to give epidermal cells a scaf-
folding for attachment as they move (87,131).

1.6 Immune System Disorders

1.6.1 Introduction

The recovery of burn victias is threatened by bacterial
invasion; degenerative changes which occur in the immune system post~burn
greatly exacerbate the problem, These changes (treatment of which is more
systemically than locally feasibie) may be broken down into three areas
affected: the complement and immunoglobulin system (humoral immunity), the
lymphocyte system (RES), and the leukocyte system.

1.6.2 Humoral lmmunity Changes

The immunoglobulins and complement system are varjously
impaired following burn injury (for an account of normal function see
(275)). Plasma levels of all five immunoglobulins are decreased post-burn
until days 5-15 (variously). Although some toxins are directly neutralized
by 1gG, mostly the decrease is due to triggering of the complement cascade.
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Alternate complement ability is decreased in all burn victims, while classi-
cal pathway activity declines only in septic patients (27,39). The alter-
nate pathway activity may be restored by properdin supplementation, with
possibly beneficial clinical effects. Heat stable opsonin and agglutinin
titres are normal post-burn, and heat labile opsonins are normal even in
septic patients (27,127). It is thought that alternate complement de-~
pression post—burn 1s not clinically serious and may be due, in addition to
lowered C3 levels, to an as yet unisolated inhibitor to C3 conversion

(39,263).

1.6.3 Lymphocyte Changes

In order to produce antibody, three mononuclear cell types are
sequentially involved. First, the facilitory macrophage alters an antigen,
which can then activate a helper-T cell. The helper-T then acts on B cells,
stimulating then to produce antibody (102). This finely tuned apparatus 1is
controlled by the presence of inhibitory macrophages and suppressor T-cells
as well., Complement activation places the facilitory macrophages in opera-

tion; foreign proteins alone may actually stimulate suppressor T-cells.

The normal functioning of this system biochemically is incompletely
known; it has been suggested that two compounds are central: interleukin 1,
from macrophages, whose major function is to induce maturation of T-cells
(thus sensitizing them), and interleukin 2, possibly an immature T-cell pro-~
duct, which stimulates proliferation of killer- and helper~T cells after
their previous exposure to mitogens/antigens (153). The highly cytotoxic
killer-T cells may feedkback inhibit immune response by competing with proli-
ferating T~cells for cellular antigen (216). One further substahce,
"Migration Inhibition Factor”, released by T-cells, causes macrophages to

stop moving and start phagocytosing (139).

Because this system is feedback controlled, burn-induced
changes, it was thought, could occur by increases of inhibitory feedback, as
well as decreases in stimulatory impulse. This has been amply confirmed;
the 'improper' inhibitions are thought the dominant cause of post~burmn
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immuno-incompetence. Although control of inhibitory ¢ (¢ = macrophage) (as
by indomethacin) may be possible (132), most efforts have concentrated
directly on the increased activity of suppressor T, because mononuclear
populations from immunodepressed patients washed free of suppressor ¢, still
remain inactive. Here immunodepression, which indicates lack of defense to,
and therefore immanence of, fatal sepsis, is measured by the lack of mitoge-
nesis of T-cells upon phytohemagglutinin (PHA) challenge (139,194). This
test predicts a poor prognosis well before measurable sepsis (the onset of
which would be masked by the normal burn hyperthermia). Research into
mechanism of the suppressor-T-cell activation, and how to reverse it, is
ongoing (218). Weak sensitizers to PHA- and conA-challenge, such as argi-
nine (136), are unlikely to be useful; the use of potent agents used in

other immune diseases, such as thymic peptides (149), are as yet unreported.

1.6.4 Leukocyte Changes

Leukocytic competence is compromised following burn, as
measured by the chemotaxis, random movement, and phagocytotic abilities of
polymorpho~nuclear leukocytes (PMNs). Initially, (through the second week
post-burn) these changes might be due to complement depletions; later on,
other mechanisms, such as inhibition by high catecholamine levels
(clinically reversible by levamisoie) (127) or by other serum inhibitors
(39) must be invoked. These changes are considered of secondary importance

to lymphocytic inhibition.

1.7 Other Effects of Burn Wounds

1.7.1 Burn Toxins
Burns exert several other effects on the body, of which a
select few are listed below. First, let us consider the matter of a dermal

"burn toxin."”

A specific toxic lipoprotein material is thermally generated at

the burn site, even at temperatures below these irreversbly denaturing skin
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protein, The toxin appears, by EM, to be formed by trimerization of a non-
toxic endogenous skin monomeric subunit. This precursor has an apoprotein
core of MW 454,000, interlaced with several lipid materials, totalling MW
106 (22,42,63).

The burn toxin lipoprotein has been isolated and its effects on
rat liver tissue studied. Severe degenerative ultrastructural mitochondrial
changes, prodahible by the pure toxin, are observed in days 5-7 post-burn,
(i.e., well after shock has been controlled in the burn victim), along with
lowered ATP:ADP ratios, and impaired abilities to release glucose, urea, and

amino acids.

Intravenous ATP restores the ATP levels of the liver and heart,
and reverses morphological liver changes (17)(local beneficlal effects of
ATP in post-burn cultured tissue have been known since 1971)(238). However,
this study was done at only three days post-burn, and hence ATP may not have
been counteracting the lipoprotein-burn-toxin's effects. It has also been
suggested that the toxin could be bound at the burn site, as by topical
cerous nitrate, until removed by debridement. This possible, minor function

of a temporary burn wound covering has not yet been investigated.

If this toxin is not immobilized or inactivated (239), it might
be affecting other targets in the burn victim's body, such as erythrocytes
(see next section). Due to other effects of burn, namely collagenolytic
serum activity, the blood-brain barrier becomes more permeable. Access of
this toxin (or others), to produce neurotoxic effects, could thereby result
(109).

1.7.2 RBC Disorders

Abnormal erythrocyte morphology, and lysis, 1is produced by
large burns. In a 50 percent body surface area burn, for example, a 10 -
152 loss of RBCs is seen, necessitating mannitol to preserve kidney
clearance (165). Percent hemolysed blood post-burn was studied in rats:
although injected hemolyeed blood at 2.8 percent circulatory volume jusi
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induced RES depression, a burn severe enough to cause 3.l percent hemolysis
caused such severe RES depression that 80 percent mortality occurred. This
suggests that hemolysis alone in rats is not the primary RES depressor
(259).

Besides hemolysis, a partial irreversible inability of RBCs
postburn to maintain a Nat gradient to extracellular fluid has been observed
(145). Other membrane changes of the RBCs include spiculation, which has
been (unconvincingly) attributed to decreased blood albumin and elevated

free fatty acids (269).
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Section 2

IMMEDIATE POST-BURN COVERINGS

2.1 Introduction: The Purposes of Immediate Post-burn Coverings

As discussed previously, the burn wound is in an unstable con-
dition for up to several days post-burn, and immediate protection of the
site to prevent dehydration and bacterial contamination may be of con-
siderable clinical value, both to the burn site locally and systemically by
lessening fluid losses (82). Based on considerable work that the lipid
content (specifically linoleic acid derivatives) of the stratum corneum was
responsible for the water-barrier properties of epidermis, it was natural to
investigate the use of lipid materials post—burn to restore such a barrier.
It is to be noted that such replacement was only intended to counteract
water loss post—burn, not to provide a bacterial barrier. Animal and human
tests of a preparation incorporating ethyl linoleate and various additional
stabilizers (called hELate®) were run, finding that a singie application in
animal burns resulted in faster healing with less contracture than untreated
controls. However, side effects of hepatic and renal damage, particularly
in conjunction with use of antibacterials, rendered its safety questionable.
The investigators blamed impurities in their ethyl linoleate, unknown com~
ponents of Silvadene, and oxidation products of ethyl linoleate (hydro-
peroxides and epoxides) as causes, without confirmation; it is possible that
the last of these are formed enzymatically in the burn wound and are hence
unavoidable with this treatment (174,175,244). On the basis of some human
trials, in which hELate was said to provide pain relief, sooner epitheliali-~
zation, better eventual pigmentation and hair retention, and to allow fewer
eventual grafts, its use was recommended. This study however did not have a
proper control group, and further reports on this material have not recently
appeared (since 1976)(205)., 1t was unknown if ethvl linoleate exerted any

beneficial effects other than on water retention.

Given the limitations of this treatment, it was natural to seek

materials that provided a simultaneous water and bacteria barrier.
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Possibilities examined up to present have included dry and wet films and
foams of various materials, applied as wipe-ons, spray-ons and slap-ons.
This study focuses on coverings firm and adherent enough to be used without
additional dressings. These materials are here divided for convenience into
dry (non~gel type) films, biological gels (gelatin and gelatin/pectin

materials), synthetic hydro-gels, odd materials such as complex ionic gels,

and adhesives.

2.2 Dry Films

Let us consider these possibilties in order of composition;
first, dry films. In order to adhere, a dry (i.e., waterless or low-water
content) film must be applied in a form that can initially bond to the
eschar. A notably successful material at this is poly ( -caprolactone),
which may be dissolved in a quick drying solvent and applied to the burn
site. An extremely adherent, although very thin, dry film forms.
Incorporated plasticizers improve the pliability of this material, and in
animal tests, it exhibited adequately low water vapor transmissions (for a
.05 mm film, 1.4 mg/hrecm? comparing with ca. 0.6-1.9 mg/hr-cm? for normal
human skin from various body locations) (for testing methods see 37,60,66,
142,148,241,247), One drawback to this treatment is the solvents (acetone,
tetrahydrofuran, or, in current testing, methyl acetate/methylene chloride)
employed which would cause additional tissue damage or pain upon application

to a conscious patient (12,13,157).

Another type of plastic non-gel film used for burn/wound
«pverage 1s that based on poly(ethoxyethylmethacrylate) or p(EEMA). Two
current European products, Novitas' Wound Spray and Nobecutan (Former US
trade name, Rezifilm), incorporate this plastic; the former also contains
methyl methacrylate. These two sprays differ in their solvents: the
Novitas spray uses a Freons mixture as solvent and propellant; the Nobecutan
contains ethyl acetate (capable of causing pain and tissue damage)(10).
Both of these sprays incorporate antibacterial agents. One might imagine

that such sprays should produce faster healing than in uncovered controls;
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however, no acceleration of excised wound closure is seen, and the only
induced effect seems to be higher wound tissue enzyme levels 4-8 hours after

application (34).

Along the same chemical lines, a spray of poly(butylmethacryl

acetate) was tested, which resembled Nobecutan (171).

Nobecutan has been referred to by one critical reviewer as a
'modern collodion’ because it converted infected wounds into abcesses. It
was also downgraded for painfulness of application (caused by the
solvent)(67). Because of the destructiveness of the solvent, U.S. use of
this material ceased by the early 1970's. However, sprays propelled and

dissolved by Freons should have no such restrictions to their use.

Other drying-type films have not been recently investigated;
only back in 1969 was a poly (amino acid) film study done (223), probably
deriving from very early "Zinax" Casein/Zinc burn salves (229). Such a film

would be rather biodegradable; in any event, it cracked in use.

2.3 Biological Gels

A second type of immediate covering is that based on biological gels.
Gelatin-type materials of recent note include a gelatin-incorporating foam,
and a solid gelatin/pectin type adhesive wafer. The foam material incor-
porates animal gelatin (which may be glutaraldehyde cross-linked), a
FeZt (ferrous) salt, a bactericide, water, surface-active agents, and drying
aids, such as alcohols. The only advantage claimed reasonably for this foam
is the continuous irrigation of the burn surface by drainage from the foam
for some hours after application; this is alleged to wash away surface
bacteria, although to where is not immediately clear. The function of the
Fe2t ion appears to be to oxidize to Fe3t and as such stabilize the gelatin
in the foam against bubble collapse. One disadvantage is the thickness of
foam required: 3 cm of dried foam are needed to allow a water transfer of
3.3 mg/hr-cmz. This would appear reasonable, except that the apparatus and
conditions used for testing permitted only 6.6 mg-Hp_O/hr—cm2 to pass
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maximally. The resultant water—transmission reduction of only 50 percent by
the foam is rather unimpressive; measurements of the foam in vivo are

needed to be able to rank this method of covering (1,11).

The wafer material, already in use ("Stomahegive”) for ostomy-
bag attachment, consists of a mixture of gelatin, pectin, sodium car-
boxymethyl cellulose, and polyisobutylene. It adheres readily even to moist
surfaces, but can be removed for examination of the wound site without
disturbing advancing epithelium (96). Water-loss characteristics of this
material are unknown; but it has been used as a protection for healing skin

ulcers, and would presumably serve for mild burns or donor sites.

2.4 Pluronics F-127 Gel

This material, which has not been described in the literature
since 1972, is included because of its Jnusual gelling properties. It forms
a gel at about 20-90 percent concentration in water solution at room
temperature. At slightly higher temperatures, it gels at a lower percent
solution in water, e.g., at 25°C it forms a soft gel at 18 percent, and a
hard gel at 20 percent. At lower temperatures, higher concentrations gel
less. Thus an interesting applicafion involves making a 20X solution in
cold water, then heating to skin temperature by applying it to a burn,
inducing gelation. For use an as immediate wipe-on for burns, the initial
liquid solution could contain alcohols (including glycols for eventual
flexibility control) and bactericides, silver nitrate and silver lactate
having been used in animal tests, Obviously any other soluble or suspen-
dable agent could be used in the same manner, with possible slight pertur-
bation of the gelling behavior. This material is clear as a gel and would
permit visual assessment of underlying wound healing. It would be removable

by bathing.

Chemically this material consists of a poly(oxypropylene)
core, grafted on each end with poly(ethylene oxide). Graphically
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with m = 95, n = 70.

for this particular member of the Pluronics series, The water transmission
characteristics of this polymer are unknown; its adhesion in animal trials
was adequate (68,69). It is not reported how it adheres to an oozing-type
burn surface; it might well dissolve (a problem common to all these water-
soluble uncrosslinked gels).

2.5 Poly(hydroxyethyl methacrylate) (Hydron)

Poly(hydroxyethyl methacrylate), or p(HEMA) for short, is a
material of considerable current interest. This derives from the con-
siderable biocompatibility of this material, not only as a polymer, but also
as residual monomer (227). The single hydroxyl group on the side chain
enables gels of a wide range of solvent contents, and structural strengths,
to be made; also, it gives the hydrogel a low interfacial tension which
results in less protein absorption, and greater diffusibility to small mole-

cules (200)., In addition, some sticky cell types will not adhere, e.g., PMN
leukocytes (164).

In its clinical use as Hydron Burn Bandage the p(HEMA) is
dusted onto the wound alternately with a spray coating of polyethylene gly-
col (PEG 400), building up several layers. The PEG dissolves the p(HEMA),
resulting in an even coating of p(HEMA) goo. (The polymer, even as a 5%
solution, is too tacky to wipe on as a liquid, hence the need for formation
in place). The PEG is gradually absorbed into the burn, and excreted within
about 24 hours; it 1is known to be quite nontoxic (228). Although it then
becomes partially hydrated, the resultant Hydron layer is permeable enough
to water (estimated pore size 4-5 A) (200) that the eschar underneath
remains in a state described as "dry". At the same time, there is alleged
to be a reduction of water transport over that of uncovered eschar (196).
(No data on this have been reported for in vivo use, however.) There would

appear to be a fundamental opposition between keeping the burn site moist to
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preven: dehydration and further necrosis, and letting the eschar dry to faci-
litate excision or spontaneous separation. We believe that optimal treat-
ment by a universal immediate covering should keep the site as moist as

possible and allow penetration of antibacterials.

It is believed that the slightly beneficial results of Hydrom
(over uncovered controls) seen in animal tests derive from its inability to
support bacterial growth. It is essentially non-biodegradable, and may
inhibit bacterial growth slightly by initial hygroscopicity when applied
(20,180,196).

Advantages of Hydron for human use include reasonable per-
meability to antiseptics (Sulfamylon, Silvadene) (184,196), although they
could also be included in the initial coating material. It affords pain
relief, a check on bacterial growth, and less dressing changing than with
silver sulfadiazine cream. However, some major disadvantages exist, namely
that the dressing is difficult and time-consuming to apply, adheres poorly
in the first 24 hours (often not at all to moist second degree burns),
requires (in 1/3 of a clinical study's cases) repair of cracks and fissures,
and obscures the wound, hence must be snipped away for taking bacterial
samples. In addition, it softens and tends to roll up and off at the edges
on exposure to water (30). These factors led to Hydron being recommended
for first and moderate second (up to 20% BSA) burns and donor sites, but
non-recommended (vs. Silvadene) for any worse burns. These disadvantages

render this material far from ideal as an immediate post-burn covering.

2.6 Other Gel Types

Several other types of gels, and some currently marketed
products, exist. Use of two former types of materials, polyacrylamide gels
and polyelectrolyte complex gels, as burn coverings has not been reported on
recently (141,187,200). Of these two, the mixed ionic gels (brand name
Ioplex 101) were of interest because, although they were extremely permeable
(up to MW = 10,000) (hence probably mediocre at water retention), they were
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flexible, resilient, and adhered strongly to tissue (in fact, they were con-
sidered as sealants around percutaneous electrode wires). Considerable work
was done to develop systems with controlled gelation times, using a prepoly-
merized anionic material, a cationic monomer, and redox initiators. Some
systems gelled with these components only; another type required addition of
aluminum salts. In addition, some protection from air oxidation was
desirable (l141). These materials, it would seem, would be useful as a two-
part spray-on film; however further published work was not done, although
the materials were investigated for use a disguise-type adherent skin-

covering masks.*

Other gel-type materials which have appeared recently include
three. First, a carbohydrate-based gel (of plant origin) has been incor-
porated in a fire blanket on the market, for essentially temporary protec—
tive use during building fires, but secondarily, also for first-aid use on
burn victims. Use as first-aid is overshadowed by claims that the blanket,
by slow evaporative action, affords better thermal protection than essen-

tially insulative suits (143).

Second, a simple gel material (supported by an internal plastic
mesh), a substituted, crosslinked, poly(oxyethylene) or poly(oxypropylene)
gel (brand name “Second Skin"), is sold for use on minor burns, abrasioms,
and other skin irritations (121,122), Its adherence qualities are only
those of a wet gel; for better water retention one leaves an outer plastic

backing layer on during application.

Third, a dextran gel, crosslinked with epichlorohydrin and
reinforced with cotton gauze, has been hailed as a burn overing. Its
advantages are tackiness to moist tissue, permeability to penicillin,

non-immunogenicity, and low cost (36).

* Tom Rich, Research Division, Amicon Corporation, 25 Hartwell Avenue,

Lexington, Massachusetts 02173. Personal communication.
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2.7 Cyanoacrylate Adhesives

At the extreme end of the covering spectrum, we find materials

which were of interest for their extreme adhesive properties, the n-alkyl

alpha-cyano acrylates. Although the butyl and higher members of the series

are well tolerated by tissues, these materials have not been reported as

burn coverings for some time (176,178), probably because of inadequate

vapor permeation control. In addition, these materials, which are stored

and used as monomer and polymerize in situ, are not stable for long-term

storage.
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SECTION 3

POST-EXCISION BURN WOUND COVERINGS

3.1 Introduction

In the preceding section, potential candidate materials for an
immediat2 post-burn covering were reviewed. None of these materials,
however, 1s intended for prolonged use on an extensive, severe burn, for
essentially two reasons: one, because the dead tissue (eschar) cannot be
absorbed by the patient before it is colonized by bacteria, and two, because
such an inflamed, liquid mess would not support wound closure. Therefore,
at some point, the temporary covering must be removed, the eschar surgically
(or otherwise) removed, and the wound closed by some sort of post-excision
covering. The optimal material for this (assuming an uninfected wound) is
autograft, as has been known for a long time. The most modern technique
involves meshing and spreading autograft 6:1, then covering with
(frozen—-stored) allograft (cadaver skin) meshed 3:1 (to offer mechanical
protection), and wrapping to absorb exudate. Both graft materials initially
adhere to the wound; after 3-30 days (median 14 days), the allograft is
rejected, but the autograft continues to spread to cover the site (257).
Although this technique allows for much less donor site exposure than did
the former use of unexpanded autograft, still, because of trauma to the
patient, surgical prudence dictates as of now that no more than 25% BSA
total be debrided or used as a donor site, in any one procedure. Thus no
more than about 202 BSA may be debrided at once, by this technique. This
limitation is set by blood losses during surgery, time of surgery, and fluid
losses through the exposed areas post-surgery. However, another limitation
that may arise is the lack of enough healthy donor—-site skin to resurface
the burned areas. In such a case, the need arises for a suitable skin-like

post—excision covering.

The properties necessary in such a covering are listed below,

in approximate order of importance:
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1) Adherence

2) Barrier to bacteria (total) and water (partial)

Extremely important

3) Non-antigenic, non-allergenic

4) Elastic and’ flexible, but strong enough to be secured as
necessary

5) Available

Rather important

6) Sterilizable
7) Capable of indicating infection beneath
8) Not easily bacterially degradable
9) Minimizing of scar formation
Useful
10) Incorporable by the body, at a controllable rate
11) Accelerative of wound closure

12) Allowing control of infection without removal; ifaplies
permeability to anti-bacterials

13) Restorative of normal skin function
14) Inexpensive

The ideal covering will then carefully regulate the environment
of the wound site to permit, or even accelerate, eventual formation of nor-
mally structured skin. In addition, general systemic benefits enjoyed by
the patient over less ideal coverings might include reduction of the usual
heat losses due to water evaporation at an open burn site (270); possible
reduction of metabolism to more nearly normal levels, and earlier resumption
of mobility. The state of the art is still far from such a single covering,
or method of treatment, even though significant advances have been made

recently.
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The materials which have appeared in the literature since 1977
will be discussed in this section in approximate order of technological (and
chronological) development. Thus logical groupings include: A) skins
(cadaver and animal), B) collagen materials, C) purely synthetic materials,

D) hybrids of collagen and synthetics, and E) cell-cultured human skins.
3.2 Skins

3.2.1 Introduction

Skins for burn coverage bear a certain resemblance to food:
they are best when fresh, a little poorer when frozen, and have definitely
lost a little something when freeze dried. However, in practice, economics
and supply may force use of the second rate products. Currently in use as

skins we find various human products, and porcine skins.

3.2.2 Human Skins

Human products of recent note fall into the categories of
cadaver skin, amnion, and dura mater. Cadaver skin, though retained longer
as a graft than porcine skins, is eventually rejected because of antigenic
mismatch. Immunosuppression, formerly practised to delay this eventuality,
is inadvisable because of the already poor immune responses of burn
patients. There is a lack of viable fresh cadaver skin because, even at 4°C
storage, cadaver skin remains viable for only approximately two days (23,24,
25). (It is interesting that under the same conditions, autograft lasts only
one day, as measured by a glucose-metabolizing assay.) Therefore, cadaver
skin is more usually frozen or lyophilized. One report (138) found freeze-
drying to diminish the immunogenicity of skin, presumably by some kind of
structural damage. The effect was abolished by protection with poly(N-vinyl
pyrrolidone) (PVP) during freezing. Cadaver skin is usually considered too
expensive to qualify as an ideal post—excision covering, in addition to

being eventually rejected.
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Amnion, because it contains an epithelial layer and therefore
somewhat models skin, has been of interest for some time. It may be stored
alive 1in tissue culture for up to three weeke (98), or used dead from
storage in disinfectant solutions, or in saline after disinfection. Amnion,
because of its thinness, disintegrates readily on the burn wound; therefore
it must be changed every two days or so. Even so, it retains fluid to some
extent, diminishes pain, and allows reepithelialization across a granulation
bed. Though this use cannot be particularly recommended, it has been used
to strip eschar from second and third degree burns in children (10,75,81,
208,243,251). Although amnion is reasonably available (being storable for
up to eight weeks in penicillin solution) and inexpensive, its relatively
high moisture loss rate, and impermanence, make it rather unsuited to be

called an ideal post-excision covering.

One mention was made of a trial of human lyophilized dura mater
(“Lyodura”) as a epithelial replacement in hamster cheek pouches. It cannot

compete with even cadaver skin in effects or availability (90).
3.2.3. Porcine Skins

Because of the limitations on human skins, porcine skin has
been widely used, and is generally what is referred to when the term
“biological dressings” is mentioned. The use of porcine skin has been
recently reviewed (73,78). Porcine skin, or "heterograft™ (to humans,
anyway), because of basic similarity to human skin, is superior in its
retention of water at the burn wound (83). However, even though it exhibits
adequate initial adherence, it eventually is rejected. It is recommended to
be changed every 2-3 days, if the wound is clean, as it will be rejected in
4-5 days. An interesting modification, glutaraldehyde-treated pig skin, is
said to be retained 8~10 days by comparison (43), presumably due to diminu-
tion of antigenicity and decrease in digestibility by local enzymes (bac~
terial and human) caused by crosslinking. It was even said to resist
maceration on an infected wound, a gruesome trait. Pig skin is often
lyophilized for convenience and supply, with attendant problems of reconsti~
tution time before use. Finally, there appears to be a small (but hotly
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debated) possibility of vascularization if left on too long on a donor site
(73). All these factors, plus the realization that biological dressings are
no longer as superior to synthetics for control of infection as they once
were, has led to the following limited recommendations: use it for protec-
tion of granulation tissue (it will adhere but not vascularize), or for
debridement, only (even though it is somewhat expensive for these purposes).
Thus porcine skin (split-~thickness epidermal layer, or Corethium 1) is also

far from an ideal post—excision covering.

3.3 Collagen Materials

Collagen has been long known as a promising material for an
artificial skin. As such it has enjoyed extensive research and formulation
into a multitude of forms (10). Perhaps its most salient advantage over
other materials is its weak antigenicity, which can be further reduced and
altered by various treatments. As a transition stage from the skins above
to modified collagens, there is available a material "Corethium 2", nothing
more than the second slice taken by dermatome from a pig, after the first
slice has removed the epidermis. This may be lyophilized, etc., just the
same as epidermis, and has seen some recent use as cover for ulcers, burns,
and donor sites, particularly in Britain (49,74,80,94,118,204), Despite
what one would assume to be inadequate moisture retention, it nonetheless
has functioned well in these trials in general, but may be somewhat inferior
to synthetics in bacterial control. Similar earlier products, for example a
porcine collagen obtained by trypsinizing whole skin, were suggested to be
of possible benefit in preserving the morphology of the skin. However,
hopes that this intact, mature collagen would be better at promoting adhe-
sion (276) or diminishing contraction seem to have fallen into disrepute, in

favor of more altered forms of collagen.
Collagen films and sponges appear recently in the literature

(8,10). However collagen films alone (Cutycol® is a common brand) are not

very infection-resisting, and they have mechanical problems, specifically,

31

i




shrinkage which leads to sliding and nonadherence for large sites (95,191).
In addition, this shrinkage makes them unsuitable for circumferential sites.
Thus collagen films, by themselves, are no longer considered for burn
coverage. However, collagen may also be fabricated as a sponge, with ade-
quate mechanical stability when crosslinked by glutaraldehyde, hexamethylene
diisocyanate, or the like (57,163,167,210,258). Collagen in this form exhi-
bits adequate, even noteworthy adherence and conformability. It can be used
to debride burns, though as an eventual covering it leads to more contrac-
tion than Eplgard, a similar form of synthetic product. A foamed collagen
could incorporate a variety of different additives; one early material
incorporated reduced silver as an antibacterial., This field has been

reviewed with respect to burn coverings (57,183,197,198), though not

recently.

3.4 Synthetics
3.4.1 Introduction

One route to avoiding the high costs of biological coverings,
and avoiding the technological problems of fabricating collagens, has been
to turn to the se of synthetic materials as post—excision coverings.
Synthetics are often provided with a textured undersurface, often an open-

cell foam, for use next to the wound; this provides for adhesion due to

ingrowth of collagen fibers. In addition, some top layer to allow only the
proper small water loss is necessary. In this category the polyurethane,
poly(e-caprolactone), and Silastic foams fal:. Other approaches to wound
coverage include single or multip.e component films and surface-grafted

polymer materials. These types will be considered in this order.

3.4,2, Foam~Based Coverings

0f foams, the most used is the commercially available polyurethane-
based material Epigard® (74,76,120,186,234,237), This flexible covering,
ca. 1 mm thick, exhibits many desirable properties: pain reduction, good

adherence and also removability, low cost, easy storage, autoclavability,
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and ease of application. It may vascularize, which should be avoided by
occasional replacement; it is strong enough not to fragment on removal (as
was a problem with the precursor poly(vinylalcohol) foam, "Ivalon,” which,
incidentally, is still being used in studies (74,242,248,249),.

The water retention is provided by a top-layer of micro-porous
Teflon (formerly of polypropylene) (166). Epigard may be used to cleanse
wounds (by repeated changing); once wounds are clean, users declaim its
trouble-free action (88). Its two reported disadvantages are the need for
occasional replacement, and a tendency tc adhere so tightly that it may
delay epithelialization of superficial lesions (120). Indeed, it is dif-
ficult to see how epithelium would not grow into the sponge, only to be
ripped off upon dressing replacement. Thus Epigard, and its twin material,
a polyurethane foam/polyurethane film (92), as well as its sister, Lyofoam

(10,65,117), narrowly miss being ideal post-excision coverings.

In the same line, a poly(e-caprolactone) foam, bonded to a
similar film, was investigated. Infiltration by tissue, leading to partial
retention (on rats) upon removal on the tenth day post applicétion, indicate
that this material, too, would need to be periodically replaced to avoid
vascularization. Its mechanical properties and water-—vapor transmission

rate (1-2 g/hr-cm?) were all quite acceptable (158).

Lastly, a larger pore silicone Silastic based foam has been
tried out, both as a burn covering (38,66), and as an air-permeable space-~
filling stent for surgical defect wounds. For the purpose of keeping water
in, it may be in fact too impermeable as a small-cell foam; however when
used as a wound cover it appears to be unsuitable by reason of nonadherence
(33,47).

3.4,3 Films
Under certain circumstances, single-component films find use in

covering wounds. Op-site®, a polyurethane, moisture permeable film supplied

with an adhesive which bonds only to dry skin, is a prominent material in
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this regard. Its primary use is as sutureless surgical closure (72,159,
268), for which it is admirably suited; however, it has also been used to
cover graft donor sites and second degree burns (71). Drawbacks include
limited water transport, often necessitating puncture or exchange during the
first 2 days post-operatively to release accumulated fluid., Although this
fluid may appewc purulent, this does not betoken clinical infection. After
this, howeve. , it may remain in place until it separates spontaneously,
leaving healed skin beneath (64,95). There is no need to worry about tissue
ingrowth, since the pores of the Op-site are too small to support this,
Thus, Op-site, by virtue of its limited water-vapor permeability, does not

qualify as an ideal post-excision covering.

In an attempt to provide a film with proper permeability and
versatility, a copolymer of dimethylaminoethylmethacrylate (DMAEMA) and ace-
tonitrile was investigated (60). This system permitted incorporation of
plasticizers and antibacterials (although the release properties were not
studied in detail), and allowed the water-vapor transmissicn under estimated
wound conditions to be controlled over the range of 2-6 mg/hr—cmz. This
control was effected by a post-fabrication step of crosslinking with ethy-
lene oxide. This material, although physically interesting, has yet to be
proven in animal tests; in particular, its adherence, which may be affected
by the charge of the dimethylaminoethyl side group, has yet to be
established.

In a different line, the possibilities of a post—excision type
burn covering made by radiation-grafting HEMA (hydroxyethylmethacrylate) to
a Silastic sheet, were investigated. The essential purpose of this approach
is to provide a minute layer of HEMA, whose adherence to burn sites (as a
gel) is already known {(though not spectacular), and whose non-inflammatory
properties are well known, intimately bonded to the structural and water-
retaining Silastic. HEMA as the primary graft material offers some
advantages, in that its water content and hydrophilicity can be controlled
by the grafting conditions and by the use of additives such as ethylenegly-
col dimethacrylate (EGDMA) and ethylmethacrylate (EMA) (55,133), 1In
general, wettable grafts permitted slightly higher water passage than did
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non-wettable grafts, due to changes in the porosity of the grafted layer.
In no event, however, did the HEMA layer alter the base transmission of the
Silastic film (about | mg/hr-cm? for a .13 mm thick film) very much. This
is a very low transmission rate, and thinner base films would appear
necessary to achieve acceptable permeability. These might be too delicate
to handle, unless backed by some inert exterior material. An interesting
effect is that the more hydrophobic additives above led to a more wettable
surface, by sequestering the hydrophobic portions of the HEMA molecules in
the interior of the graft layer. A related material, HEMA grafted onto
polybutadiene, has also been looked at (19),

The question of adhesion is an interesting one in this con-
nection. Although the above researchers believed that the wettable surfaces
would be more desirable for a covering, this is by no means apparent. Sim-
ple pretreatment of a wet tissue surface with benzoyl chloride, for example,
will benzoylate active amine groups (as on lysine) and result in non-polar
adherence of materials such as hydrophobic adhesives (14). Certain cell
types, such as mouse fibroblasts (3T3), adhere better to hydrophobic-type
surfaces (56). Thus, it is by no means certain that slapping a hydrophilic

surface onto the wound is the way to achieve optimal adherence.

Another possibility for causing adhesion lies in activating the
dressing surface so that it would chemically, or enzymatically, form links
to the tissue below (31). The technology exists for specifically attaching
proteins (or other molecules) to surfaces such as HEMA (225), so that they
could activate the normal attachment scheme (to fibrin/fibronectin). In

fact, a material in the next (hybrids) subsection may have done just this.

3.5 Hybrids of Collagen and Synthetics

Because of the resorbability of collagen, and the barrier pro-
perties of synthetics, there has been some impetus towards laminating these
two materials into a bilayer covering. For example, one combination
investigated involved sausage-casing collagen with a poly(e-caprolactone)

film overlayer. This material adhered moderately well in rats (158).
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Two materials of current use exist. The first, Biobrane®
(21,156) (Woodroof Laboratories), consists of a silicone sheet overlayer
into which a nylon velour is cast (on one side). On the textured side, a
further coating of a collagen derivative has been cast exceedingly thinly
(so that the loop structure of the nylon is completely unobstructed). This
product is recommended for use on donor sites, superficial second degree
burns (without debridement), excised second and third degree burns, and over
meshed autograft. It has been reported to remain intact and adherent over
infected sites, but removal for treatment in such cases should not be dif-
ficult., It is also somewhat permeable to silver sulfadiazine. The only
drawback to this material, in fact, is that, due to the nylon loop struc-
ture, separation of the material as reepithelialization occurs might not
occur. This point has not been reported on in the literature, although
velour-underside fabrics have been previously investigated (10,14,226).

The second material(as yet unnamed), created by I. V., Yannas,
at M.I.T., which has undergone clinical trials and is reported to be on the
verge of commercial production, is a three-material composite of collagen
fleece (a very open foam) intimately admixed and crosslinked to a glycosami-
noglycan, chondroitin-6-sulfate, with an outer layer of silicone rubber
sheet., The glycosaminoglycan is understood to render the collagun totally
non-antigenic by its presence, and the crosslinking (accomplished with glu-
taraldehyde and/or dehydrothermally) to control the rate of breakdown and
resorption at the wound site. Due to this control of resorption, good cli-
nical results have been achieved where the membrane served as a covering for
up to 50 days (20 is median for cadaver skin, and 6 for pig skin, before
they are rejected), with the limitation being not re, .ion but rather

contraction on small to medium-sized wounds.

As this report went to press, a published report detailed a
"stage two" of this material. In this modification, basal epidermal cells
are isolated (but not tissue-cultured) from a skin specimen of the patient
and seeded into the collagen/GAG fleece by centrifugation. In animal
trials, this resulted in rapid epidermal growth from within the membrane;
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results from use of this stage two membrane on humans (which would eliminate

the need for even the epidermal autograft) are not yet reported.

An optimal moisture flux of 0.5 mg/cm? hr is claimed; that this
is much lower than optima found for other coverings may be an indication
that this dressing provides a much less inflamed wound site, by its
(intended) similarity to natural dermal composition (2, 3, 4, 6, 7, 123,
124, 278, 283).

This dressing, then, is the first* to provide the property of
incorporability by the body at controllable rates, a significant advance

(the silicone sheet peels off as it is undergrown by advancing epidermis).
Such a collagen~containing covering, of course, might have additives
included for purposes of additional scar minimization, bacterial reduction,
or growth control. Use of such additives in the covering has not been
reported, nor has the amount of residual scarring from this treatment. It
also remains to be seen how expensive the final product will be; its manu-

facture requires considerable manipulation of ingredients.

One final problem that has not been addressed up to now con-
cerns the replacement in the burn area of sweating capacity. Normal per-
vaporability to water scarcely serves to cool skin, and heat intolerance of
burn victims (after complete recovery) is a permanent residual effect whe-
never large full-thickness burns have been sustained (6l1). Possibly this
future goal might be achieved through tissue cultured skins, the next, and

last category of covering.

*Although a 1970 German patent for a related mucopolysaccharide

metal-tanned-collagen-sponge multilayer material exists (183).
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3.6 Tissue Cultured Skins

3.6.1 Introduction

Recent advances in the technology of in vitro tissue culturing
have made possible to approach an answer to the question, "What if we could
grow skin for the burn patient, and then use it on him?" This would be
truly the definitive closure method, a biologically totally harmonious
route. Recently published research of three groups working on this problen,
with somewhat different techniques, indicates that it is only a matter of a
few years before in vitro grown skins will be available for burn wound (or
other skin loss) problems. The primary problem with these materials that
needs yet to be surmounted, is that of time, with typical needs of 14-22
days to grow = 1 mZ from a 1 cm2 specimen. Let us consider these materials
and the details of their fabrication closely. I shall designate the
materials by the names of their senior investigators, as Bell's, Eisinger’s,

and Green's, respectively.

3.6.2 Bell's "Skin Equivalent"”

Bell's approach (62,70) has been to try to create a full
thickness (epidermis and dermis) material, thus enjoying the water and bac-
terial barrier properties of an epidermis along with the contraction reduc-
tion and structural integrity of a dermis. From the initial skin specimen,
he therefore would ultimately need to obtain both the fibroblasts and the
basal cell epidermal cells; at present he collects the fibroblasts which
migrate from one specimen and obtains epidermal cells from another. The
fibroblasts are grown in culture to confluence, and recultured as necessary
to obtain = 5°10% cells/cm? of eventually desired "skin equivalent" final
product. The cells are removed (removal and dispersion is done by trypsini-
zation throughout), suspended with acid-swollen collagen and serum, and the
lot coprecipitated by neutralization. This loose collagen and fibroblast
mat is then actively contracted by the fibroblasts, an undisclosed portion

of which acquire myofibroblast character, resulting in an undisclosedly
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smaller, firm matrix. This material is washed, seeded with an epidermal
suspension, and maintained in culture; the epidermal cells grow to
confluence, and the material is ready for use. Some problems with the
material, up to this point, are these: first, time involved - adding the
given minima of 4 days for fibroblast migration from the biopsy, 4 days for
initial culture, 10 days to grow in secondary culture (enough for a 10C

cm? product), 4 days to contract the lattice, and 2 days to grow epidermis
to confluence on it, yields 24 days minimum to make this material in quan-
tity. Secondly, for the final growth stages, Bell says he needs homologous
serum, either autologous or close, carefully typed. This may not be so

easily obtained.

Bell's material has not been yet reported in human trials, but
on rats, the following observations may be of interest: 1) The graft vascu-
larizes in about 7 days, and grows in thickness thereafter, with remodeling
of the collagen. Though redness gradually diminishes, a scaly/dry charac~
ter, due to lack of sweat/sebaceous glands, remains. 2) By 10 weeks, a nor-
mal dermal collagen (basket-weave) pattern can be seen at the edges of the
graft. It is unknown whether the whole graft eventually converts to the
normal pattern; the whole graft does however exhibit increasingly bire-
fringent collagen (an indicator of normal, mature type I collagen). 3) By
10 weeks, the dermis of the graft is still only about half the thickness of
normal dermis (1.3 mm). The graft dermis appears compact. Thus, exuberant
collagen formation is avoided by use of this covering. Certain other minor
structural irregularities remain in the skin, besides the lack of adnexal
structures (Bell admits the need to recover, propagate, and try to incor-
porate these other cell types. Achieving their differentiation and func-
tioning in this context, though possible, remains quite a ways in the

future.)

3.6.3 Eisinger's Epidermis

The approach taken by Eisinger (154,155)(and Green, in the ncxt
section) is to cultivate only an epidermal cell layer., For handleability,
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this needs to be somewhat thicker than just a barely confluent layer as is
the case with Bell's skin; 11-13 layers of cells, achieved in 15-20 days, is

adequate,

Eisinger has studied the histology and metabolic character of
the cells in her materials quite thoroughly, and has found several varieties
to be present in her materials as they grow. In general, the growth of her
material can be characterized as 1) basal cell multiplication, then 2) a

wave of differentiation.

This material is grown directly on tissue culture plastic (as
are they all); growth on a collagen film (Helitrex) was found possible but
slow (3-4 layers in 21 days!). If initial seeding 1s greater than = 1-103
cells/cmZ, preferably 2.5-105 cells/cmz, the pH 5.6-5.8, and the temperature
35-37°C, the cells will grow to confluence and form the desired cell layer

(if not, discrete colonies are the result).
When ready for use, the membrane is transferred via a collagen
over-film pick-up. This material has also only been reported on in animal

tests.

3.6.4 Green's Epidermis

Green's material (150,151,152), also an epithelial layer only,
differs only in technique of cultivation from Eisinger's. Rather than
tissue flask, Green uses a lethally irradiated 3T3 (fibroblast) layer as
cultivation surface. He also uses chemicals to increase growth rate and
vigor of the cell cultures. These materials are two: EGF (epidermal growth
factor) to increase cell mobility, and chloleratoxin, to improve the growth
rate of the cells. Thus he is able to deliver, from 1 cm? biopsy, 1500

cm? of epithelium in 14-19 days, with an overall cell increase of some 500x
during this time.
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Some interesting observations on his material are these: 1) on
mice, the covering did not particularly stop contraction (a 2x2 cm wound, so
covered, ended up 1.5 x 0.3 cm!). Nonetheless, in human trials (2 patients)
the culture-grafted areas, vs. meshed split-thickness—autograft-covered
areas, were after 5 months "no more contracted or fragile.” The grafts were
not notably adherent: “"over 50%" showed initial take over freshly excised

areas, and the primary cause of graft failure was thought to be infection,

Green estimates that he could grow an entire body-worth of
epithelium in = 5 weeks from an initial 1 cm2 biopsy. This is still quite a
time period; he suggests that the method might find some utility in growing

cultured allograft for temporary coverage for more immediate use.

One additional problem with his (thin) epidermal layer
(apparently less with Eisinger's thicker one) is its shrinkage upon removal
from the culture dish, to = l/4 its original area. This would appear to
necessitate very large culture dishes in order to have convenlently sized

pleces for use at the operating table.

What advantages do these three materials offer over other types
of coverings? First, they offer guaranteed blocompatibility, in the case.
of a covering using only cells derived from the patient., This might be
expected to allow more exact control of contraction than an inert, resor-
bable covering could allow. Second, they are available in almost unlimited
supply, although only after a considerable induction period. Third, they
promise eventual control of the dermal thickness and morphology, with
(hopefully) intact hair and glands. Although expanded split-thickness
autograft appears to provide eventual acceptable pigmentation, and also
satisfies point (1) above, it is deficient in point (2) and fails on point
(3) altogether, Other coverings, such as Yannas', which appear to satisfy
point (1) and (being fabricated) point (2), also fail point (3). Hence, omne
must conclude that tissue cultured skins show definite promise as future

post-excision burn coverings.
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Section 4
GROWTH FACTORS

4.1 Introduction

In considering the role and possible incorporation of "growth
factors” into burn wound coverings, it is important to consider what it is
that we wish to do. In the broadest sense, a "growth factor"” is any
substance (thus excluding treatment modes such as light (214) or electrical
current (273)), which will contribute to regrowth of the skin over the burn
wound. However, this classification would include any material at all with
an effect on the total burn healing process. Most observers would concur
that chemicals specifically acting to reduce inflammation, to inactivate
necrotic processes at the wound, or having broad systemic effects but not
local ones, would not be considered growth factors: a growth factor must
cause increased growth of cells or of tissue (antibacterials, another major
candidate for use, are treated in Section 5). For use in a burn covering, a
growth factor must be better applied topically than systemically. It might,
for example, only exert an effect locally at a burn site, and still be more
advantageously administered intravenously. Since use of "growth factors™ in
healing burns 1is still quite uninvestigated (up until very recently no ade-
quate burn covering was even available), there is obvious need for eventual
comparison of the effects in burn repair of these materials administered
topically vs. intravenously; however, for the present we could choose among

several materials for an initial topical evaluation.

To introduce the materials, first consider which target cells
might be stimulated at the burn site. One group, those of the immune
system, we will explicitly exclude for the following reason: the immune
system has total-body problems which will not be solved by locally
attracting leukocytes to the wound, or inducing them to stay. (Biochemicals
for the above two purposes, though researched somewhat, would hardly be
cost-effective at present). Rather the burn-induced immunosuppression must

eventually be treated systemically, as mentioned in Section 1.6.3. This
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leaves the~éatagories of endothelium (needed to multiply and vascularize new
tissue), fibroblasts (necessary to synthesize the dermal matrix of collagen,
glycosaminoglycens, and possibly fibronectin), and epithelium (necessary to
provide barrier properties) as possible target systems for chemical

trickery.

What, in a general way, can one do for these cells? It may be
that a limiting material is a nutrient: although regular alimentation needs
of burn victims have been studied for a long time, local topical supplemen-
tation might have a minor beneficial effect. Falling into this category
might be accelerators such as poly(N-acetyl glucosamine) (169), Elgfhy&roxy-
proline (185), arginine, pyruvate, and putrescein (212), Alternatively,
one could perk the cells up with a 'shot in the arm' booster of topical ATP
(238). Another quite specific possibility is treatment of specific enzymes
to increase their activity. Falling into this category would be such
substances as prolyl hydroxylase inhibitors or effectors, anaesthetics
(101), cross-linking controllers (lathyrogens), corticosteroids (182,231),
prostaglandins (146,212), hexadecane (271), thyroid hormones, and retinoic
acid.

By technical biological usage, however, growth factnrs are none
of the above; rather they are specific biochemicals which give their target
cells a tremendous metabolic boost, and can be best thought of as specific
substances used to tramnsmit “turn-on" signals to tissues (i.e., super-
hormones). Three of these (of burn healing interest) have been identified:
EGF, FGF, and TAF. These proteins, it is thought, act by causing changes in
the aden-yl cyclase activity of target cells, resulting in changes in the
cells' cAMP and cGMP contents. These last two substances then act further
within the cell to make the cell synthesize products, divide, or whatever
its target action may be., (The mechanics (160) are not of concern here.)

In addition to these specific growth substances, other chemicals can have
similar action on the adenyl cyclase enzyme, and thus similar results. Let

us consider first the growth factors, and then such chemicals, in turn.
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4.2 Epidermal Growth Factor (EGF)

This single chain, 53 residue polypeptide has been studied the
most extensively of the three growth factors treated here. All mammalian
EGFs are close in structure and exert the same effect, therefore EGF from
mouse submaxillary salivary glands (once known as nerve growth factor, NGF)
is usually used for research (279,280). In general the gross effect of EGF
is to prevent differentiation, increase mitosis and especially to increase
the motility of epithelium. This is true in rabbits and humans (35,84),
mice (97,151,154,215) and presumably also pigs. In tissue culture, EGF acts
similarly on bovine endothelium; one report speaks of a "more orderly”
vascularization of a wound (35). Concentrations of 5-20 mg/ml (272) in
tissue culture, or 17 ug/oz (35) in salve, 1is sufficient to exert these
effects. This material acts only as long as supplied to the target cells.
(Used in cell cultures and necessary at high cell densities, it can even
cause cells to eventually become dependent on it for mitosis (215).)
Therefore, since it 1s a protein, and the burn site has considerable pro-
tease activity, one must consider the likelihood of its destruction before

it can act on the epidermis.

In addition to this, there is a considerable caution in this
field about extrapolating results from tissue culture, to organ culture and
in vivo situations. Frequently, a specific effect is found to disappear or
even reverse, when the substrate changes. (As an example, bovine corneal
epithelial cells, in tissue culture, will not mitose in responsa to EGF
unless they can make a basement membrane, which they refuse to do unless
provided with a collagen substrate. However, FGF is effective in inducing
their mitosis, regardless of their substrate (84).) Lastly, we consider the
effect of EGF on fibroblasts: although earlier reports were of mitogenesis,
in a topically salved rabbit—-ear wound, fibroblasts oriented themselves,
and produced a more mature collagen faster, with no report of increased
numbers. In this study, total wound closure time was unchanged: lessened
contraction balanced faster epidermal migration. This is exactly the effect

one would like to produce, to reduce scar formation,
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Overall, EGF is a not unpromising candidate for a covering-

incorporated growth-factor; it has unique effects on epidermal spreading*.

4.3 Fibroblast Growth Factor (FGF)

This material is believed to be formed from breakdown of myelin
base protein, perhaps by cathepsin D (77). It is a polypeptide of about 90
bases, 1Its greatest proven effects are on myoblast mitosis, which it
effects potently and immediately. It has certain reported epidermal effects
(84,215) but primarily considerable endothelial growth power. It has been
implicated in experiments on 1limb regeneration (77,273). Specific effects
on fibroblasts are unknown. This is a possible material for use in a

covering.

4.4 Tumor Angiogenesis Factor (TAF)

This substance, so called after its production by tumors to
attract blood vessel ingrowth, is known to stimulate (besides angilogenesis)
human fibroblasts, for which it co-requires a collagen stratum and a plate~
let factor (58,59). Sustained release of TAF from a biological implant has
been demonstrated (5,256).

4.5 Calcitonin

This hormone (salmon calcitonin is least degradable and thus
most effective), given systemically, stimulates epidermal cell activity in
rabbits, including higher rates of protein synthesis, keratogenesis, and
collagen formation by fibroblasts, and leads to accelerated wound repair
(115). sSince 0.2 mg was an effective dosage/rabbit, one would have to
classify this as fairly potent and possibly deserving of the name growth
factor. It is a possibility for trial in an immediate post-burn covering.

*Phorbol esters share some biological effects with EGF; it is not
clear if epidermal spreading is one (272).
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4.6 Miscellaneous Biological Growth Interaction Materials

Certain other substances have been recently reported, with
undetermined potencies. These are 1) a material produced by fibroblasts
with a positive effect on epithelial multiplication (215), 2) a platelet
factor (MW = 13,100), which, in combination with thrombin and another, un-
isolated platelet component, stimulates fibroblasts and endothelial cells
(99); 3) an antibody (deliberately created) to fibroblast~cell-surface
fibronectin, which causes much mitosis and somewhat increased synthesis of
GAG by the treated fibroblast (147); 4) a material produced by macrophages,
which activates keratocytes (85); and 5) (a) small polypeptide(s) from
partially hydrolysed casein, which stimulates prepuce cells in culture
(277). Too little is known of these materials to make them candidates for

incorporation in a trial covering.
4.7 CAMP, cGMP

These are the two intercellular materials which are thought to
be involved in the effects of the growth factors, particularly EGF.
Therefore, one might wonder if they can be absorbed topically into target
cells, In tissue culture, 10'4_§ ¢GMP raised epidermal mitosis by about 60
percent (262); interperitoneal cGMP in exciseu rats, caused less intensive
inflammation, faster epithelialization, thinner granulation tissue, and a
thinner, more compact eventual dermis. Peak number of fibroblasts was
unchanged but attained earlier during the course of healing. A similar
effect, seen earlier (119), caused by an extract of actively growing organs,
and thought to be caused by cyclic nucleotides, was more effectively exerted

interperitoneally than topically.

4.8 Adenyl Cylase Effectors

Various materials exert effects on adenyl cyclase, thereby
altering cAMP and cGMP in target cells. Here are a few that have been
studied,
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4.8.1 Cholera Toxin

This toxin, at incredibly low levels, (1079 - 10711 M), irre-
versibly activates adenyl cyclase. In human epidermal cell cultures, this
means that the epidermis is immediately and drastically induced into mito-~
sis. Because this effect is "irreversible", that 1is, continues for at least
two tissue culture transfers, this material has a great potential for incor-
poration into a wipe-on, since one application would stimulate for days,
even after the protein was lysed. However, the toxin alone does not

increase epidermal spreading, at least in tissue culture; EGF is necessary

for this (215).

4,8.2 Dibutyryl cAMP, Methyl Isobutyl Xanthine, Isoproterenocl

These three compounds (besides exerting other effects
severally), all increase cAMP, and also epidermal cell growth in culture
(212,215). Optimal concentrations were on the order of 10‘4, 10'4, and

1073 M, respectively.

4.8.3 Histamine, Epinephrine

Histamine, by Hy-receptor action (partially _eversible with
cimetidine) at 10'4.§ inhibits porcine epidermal mitosis; by Hj-receptor
action (not drug-alterable), at 10‘3‘5 it partially negates the Hy-receptor
effect. Hp-reception is associated with increased cAMP, H)-, with increased
cGMP. Epinephrine also inhibits (50%) at 5-10'5‘§, independently of hista-
mine. These two materials, then, result in decreased porcine epidermal
mitosis, although activating adenyl cyclase (267). The significance of
cGMP as apparent effector in this porcine cell culture, as opposed to cAMP
in human and mouse cell cultures, is unknown; it may be that different spe-
cles have truly different signal systems with cAMP and cGMP in a given
tissue, or possibly that measure of total cell cyclic nucleotides may not
reflect the amount of receptor-bound nucleotide that is creating the

observed effect (219). These are points of hot debate in the literature,

currently,
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Section 5

ANTIBIOTICS

5.1 Introduction

It has been suggested that an alternative to growth factors
would be the incorporation of an antibiotic into an immediate burn covering.
There are two essential reasons for this: 1) although no one really knows,
it seems likely that a growth factor could operate more effectively in a
post—excision covering than in an immediate one, and 2) that antibiotics
have a remarkably greater preventive effect on bacterial colonization than a
killing effect. 1In fact, from studies with iodophores releasing 1, treat-
ment of a burn within three hours is essential to kill skin flora; after
this organisms are protected by the fibrinous coagulum which forms at the
burn site (137). Later, the eschar formation (due to any unkilled flora)
also serves to protect sub—eschar colonization from many topical antibio-
tics, and such growth is also somewhat resistant to systemic antibiotics.
Hence, there is a double need for immediate biocide/biostat release from an

immediate post-burn wipe-on.

Although silver sulfadiazine is the general topical agent of
choice currently, there are several antibiotics available which might also
be used. These have been reviewed recently (1981) (177,199,213), and there-

fore only the salient disadvantages to each are compiled here.

5.1,1 Antibiotic Evaluations: Silver Sulfadiazine (Silvadene)

This is only suppressive for gram positive bacteria. Rarely,

it causes neutropenia.
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5.1.2 Maienide Acetate {(Sulfamylon)

This causes pain upon application (245), skin rashes, and
invariable systemic metabolic acidosis; also it is not very effective

against fungi.

5.1.3 Gentamicin Sulfate (Garamycin)

This agent induces development of resistance; overabsorption

may cause nephro- and oto-toxicity (281).

5.1.4 Nitrofurazone (Furacin)

This agent is not effective against gram negative bacteria.
(However, its stellar performance against anaerobes makes it of interest if

a covering would retard oxygen diffusion.)

5.1.5 Povidone-iodine (Betadine)

This agent is mildly to moderately painful upon application.

It may induce sensitization.

5.1.6 Silver Salts: Nitrate, Allantoinate, Etc.

Silver salts must be frequently reapplied; they may cause
severe electrolyte disturbance, and occasionally methemoglobin (by bacterial
nitrate to nitrite conversion). In addition, silver nitrate solution stains.

These characteristics are summarized in Table 5.1.

In addition to the above characteristics, diffusibility into
the wound must be considered, both out of the covering and within tissue.
Tissue diffusibility is high for Betadine, Furacin, and Sulfamylon, and
lower for the other three drugs. Less is known about bulk diffusion within

candidate covering materials; this field is reported in the next section.
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Table 5.1
CHARACTERISTICS OF ANTIBACTERIAL CANDIDATES FOR AN IMMEDIATE POST-BURN COVERING
SUBSTANCE
Silver Mafenide Gentamicin Providone-
Sulfadiazine Acetate Sulfate Nitrofurazone iodine Silver
PROPERTY (Silvadene) (Sulfamylon) | (Garamycin) (Furacin) (Betadine) Salts
Antibacterial
Effects
on gram ( ) - only* - only +, - +, - +, - -
on yeast high High on High None Low Low
yeast;
low on C,
albicans
Stability Yes Yes Yes, (may Yes Yes Light
even be unsgtable
autoclaved)
Metabolic Distur- No Acidosis If over- No No Electro-
bances absorbed lyte in-
only balance
Diffusibility in Low High Low High High Low
Tissue
Local Reactions None Yes No Rare No No
Eschar Separation Normal Prolonged Normal Normal Normal Pro-
longed
Concentration 1% 10 % 0.1 % 0.2 % z 3% 0.5 %
Pain on Application No Moderate No No Mild- Mild with
Moderate | nitrate,
None with
alian-
toinate

Silvadene (282).
*%Adapted from (213).

*One isolated clinican relieves that

Sulfamylon to be more effective against P. aeruginosa than
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5.2 Incorporation Into Coverings

A number of the above materials have been incorporated into
various covering materials, and their performance evaluated in vivo or
in vitro. Ilodine, the active ingredient in Betudine, has been comparatively
tested in a wipe-on of PVP, poly(vinyl-pyrrolidone) (Povidone) vs. the
nonionic surfactant Pluronics F-68 (137), Although both iodophores killed
well, the F-68 appeared to protect bacteriocidal power longer than did the
PVP. However, stability for three vs. five hours is hardly relevant to the
present investigation, in which both an initial burst of activity and a sub-
sequent lower level sustained release, over the intended life of the
covering, might be considered useful. It was found that pH 2.1 solutions
were much more bactericidal than pH 4.0 solutions; hence, a wipe—on of an

iodophore of this form would require a rather low pH.

Another approach to iodine use, involved saturating a relati-
vely thick (2 mm) silicone sheet with iodine (from alcohol solution). This
study, as well as the one above, saw both early (initial kill) bactericidal
advantage, as well as advantage appearing somewhat later, over contrcl ani-
mals. The later effect, again, was probably due to prevention of eschar

formation and consequent retained effectiveness of I, penetration (188).

Sulfamylon was incorporated in micronized form in a hydrophobic
polymeric matrix, coated on a gauze. This vehicle underwent gradual
biodegradation over 24 hours to release the drug at a smoother rate than by

application of a cream (192).

Silver nitrate and silver sulfadiazine were soaked into colla-
gen vs. amniotic membranes and evaluated for subsequent release. Uptake of
ca. 1 mg silver per gram of collagen sufficed well to imbue bactericidal
effects; silver nitrate was absorbed better by collagen, but silver sulfa-
diazine by the amniotic membrane (41). An earlier study had shown some
incorporated activity from treating a nylon velour/polypeptide film lamin-
ated with silver sulfadiazine. This appeared to diminish gram~negative sep-
sis (however, the polypeptide film proved defective) (224). More recently,
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silver sulfadiazine was cast at 10% into an acrylonitrile “"copolymer"” mem-
brane, from which it leaked out in theraputic amounts, and into a 2% "dry
foam”. The latter was more effective on supra-eschar guinea pig infections

than was a 2 percent ointment (233).

In the same delivery style, an 8.5% mafenide dry foam exerted
adequate suppression on P, aeruginosa, identical with that from an 8.5%
ointment (232).

An early animal study (1973) dealt with replanted split
thickness skin grafts, which reattached better if soaked in antibiotics
(penicillin and streptomycin were used) for 15 minutes (173). This

demonstrates that presence of other materials than the above six might also

be considered (168).

Thus, it is evident that there is considerable likelihood of
successful sustained release of several of these biocidal materials from an

appropriate spray-, wipe—, or foam-on immediate post—-burm covering.
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Section 6

' CONCLUSIONS AND RECOMMENDATIONS

—

Having surveyed the field of burn coverings, we draw the

=
-

\ following conclusions as to the state-of-the-art.

First, post—excision burn coverings are at a high level of

technology, and would appear presently adequate in quality. This has been

achieved in products which allow partial or complete incorporability into
the wound site, without the necessity of reclosure later with autograft.
Further improvements, from tissue culturing of human skin, are likely,

though not imminent.
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Second, immediate post-burn coverings are at a technologically

low level. Materials which exist have not been proved in practice, and the

optimal parameters of immediate post-burn coverings have yet to be experi-

mentally determined.

Third, the incorporation of growth factors and antibiotics into

coverings, although fragmentarily researched for post-excision coverings, has
been neglected altogether for immediate post—burn coverings. Trials of such
‘ multicomponent materials are needed; such materials clearly have the poten-

tial to confer benefits in the treatment of burn victims.
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Section 7
LITERATURE SEARCH TECHNICAL DATA

The following data bases were searched from 1977-present by the

search terms listed.

MEDLINE Burns and any one of: collagen, fibroblasts, growth-substrates,

insensible-water~loss, occlusive-—or biological~-dressings, polymers.

Also wound-healing and any one of: collagen, growth-substrates,

occlusive--or biological--dressings.
NTIS Allograft.

Also burn and any one of: healing, toxin, treatment. Also
skin and any one of: artificial, covering, (permeability or transmission)

and (Hy or water), regeneration.

Also (wound or burn) and any one of: covering, debridement,
dressing, immune..., Macrophage or Lymphocyte or B-cell or T-cell, opson...,
phytohemagglutinin.

Also Xenograft.

DTIC The following terms were requested, the actual terms searched
were, however, not indicated on the printout: Allograft or Xemograft. Burn
toxin. (Fibroblast or mesodermal or epidermal) and (growth~factors or EGF

or FGF). T-(helper or suppressor) + cell or T-cell, B-cell, macrophage,
mixed-lymphocyte-reponse or MLR, phytohemagglutin-response or PHA, opsonic—ap-
surface-binding~protein or SB. (Wound or burn) and any one of: (immune) and
(system or response), covering, debridement, dressing, healing, treatment.
(Artificial or synthetic)lggg (skin or covering). Water-vapor and

(permeability or transmission) of human skin,

" LTI s e
PRECEL1AG EAGE bladii-gt 2Ri0ms i
SRS | AP

j— e
‘

57




- e, ot e m L -

Science Citation Index

Searched 1977-April 1981 for the following: Burn (-s, -ed)
and any one of: adherence, applied, approach, body-fluid, care, composite,
covering, dressing(s), fabrics, fibroblast, following, formation,
glutaraldehyde, healing, materials, mechanisms, new, opsonins, permeability,
protecting, reconstruction, repair, skin, spray, synthetic, topical, toxin,
treatment, water-loss, wound, wound-healing. Also skin and any one:
allograft, analog, artificial, collagen, polymer, -grafts. Also wound and
any one: adhesion, burn, covering, dressing, GAG, guanidine, infection,
material, proline, tensile—strength, topical, treatment, -healing. Also
anglogenesis and any one: factor, induce(-d), tumor. Also (first aid or

immediate) and any one: burn{-s, —-t), closure, protection, skin.

In addition to the above search, a special search for immediate
post—burn coverings for 1970-1976 was made (in Science Citation Index) for
the following: (burn or wound) and any one: application, covering, foam,

gel, ma._crial, protect..., skin, spray, synthetic, topical, wipe-on.

Additionally to all of the above primary search, any references
in the time period 1977 on cited by collected the collected references were

also investigated.

The following generally relevant journals were also hand-
checked from May 1981 on, through August 1981, if available:

American Journal of Surgery,

Journal of Biomedical Materials Research,

British Medical Journal

Journal of Investigative Dermatology,

Scandinavian Journal of Plastic and Reconstructive Surgery,
Journal of Plastic and Reconstructive Surgery,

Journal of Surgical Research,

Journal of Trauma, and

Annals of Surgery.
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Section 8

SUMMARY OF INTERVIEWS HELD WITH RESEARCHERS ACTIVE IN DEVELOPMENT
OF BURN WOUND COVERINGS

8.1 Introduction

Interviews were held with eight researchers active in develop-
ment of materials for use as burn wound dressings. Identification of these
workers was established by suggestions from Dr. C. Robert Valeri, Naval
Blood Research Laboratory, Boston, and by perusal of current literature.
These interviews were held for two purposes: 1) to present the Office of
Naval Research with as current a picture as possible of the state of
research and development in this area; and 2) to elicit from these
workers their identification of research and/or development needs in burn

therapy, especially with respect to dressings.

The workers with whom discussions were held are listed in Table
8.1 along with their institutional affilfiations and their research interests

relevant to burn dressings.

Table 8.1

INTERVIEWS
Dr. Andrew B. Walker Amnion
Dr. Philip D. Thomson Amnion
Shriners Burns Institute, Galveston
Dr. Magdalena Eisinger Epithelial
Sloan-Kettering Cell Culture

Cancer Research Institute, N.Y.

Dr. Howard Green Rapid Epithelial

Dept. of Biology, MIT Cell Culture
Dr. Eugene Bell Living Skin
Department of Biology, MIT Equivalent

Dr. John Burke Artificial Skin

Shriners Burns Institute, Boston
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Table 8.1 (Continued)

LRl PR -

Dr. Charles R. Baxter Dermal
University of Texas Health Transplants
Science Center, Dallas

Dr. Basil A. Pruitt Metabolic
Brooke Army Medical Center Responses to
Fort Sam Houston, Texas Injury

Three major areas of current research activity were identified:

1. Development and Use of Amnion as a Temporary Biological Dressing.
Researchers interviewed were Drs. Andrew B, Walker (Allentown Hospital,
Allentown, PA) and Philip K, Thomson (Shriners Burns Institute, Galveston,

Texas).

2, Development and Clinical Trials of an Artificial Skin. This precipi-
tated collagen film backed with silicone, developed by Drs. John K. Burke

(Shriners Burns Institute, Boston, Massachusetts) and I. V. Yannas
(Department of Mechanical Engineering, MIT) is currently under clinical
trial. This material takes the place of autografts.

3. Epidermal Tissue Culture in Conjunction with Dermal Substitutes.
Workers interviewed have taken different approaches to developing methods for
uge of materials which combine absorbable dermal substitutes with overlaying

cultured epidermal layers.

° Dr, Charles R. Baxter (University of Texas Health Science
Center, Dallas, Texas) uses non-viable dermal layers harvested
from cadavers as an absorbable biological dressing overlayed
with cultured epidermis.

o Dr, Howard Green (Department of Biology, MIT) has developed
techniques for rapid epithelial cell culture.

. Dr. Eugene Bell (Department of Biology, MIT) has developed
methods for seeding collagen films with fibroblasts, a
technique which encourages restructuring of the collagen as
new collagen replaces the biological dressing. Although the
approach taken by those workers differ, the common goal is
to obviate the need for autografting.
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Discussion with Dr. Basil Pruitt (Brooke Army Medical Center,
Fort Sam Houston, Texas) provided insights into problems encountered in
treatment of injuries especially the institutional structures available for
dealing with trauma. Dr. Pruitt's research interests do not directly center

on burn coverings.

Dr. Magdalena Eisinger (Sloan-Kettering Cancer Research Center,
New York City) agreed to be interviewed but during the discussion it became

apparent that she was unwilling to discuss her current research.

The information garnered from each interview is summarized in
Table 8.2. This table consists of eight pages, each devoted to one worker.

Section 8.2 elaborates on some significant aspects of work con-
cerned with burn coverings designed to be bioabsorbable. This includes
development of collagen based materials, or dermal sheets which can be used
in conjunction with cultured epidermal layers. In addition to discussion of
current research, part of each interview was devoted to discussing areas in
burn therapy which those workers identified as requiring further research

and development efforts.

Section 8.3 summarizes interviews with workers concerned with

amnion.

Section 8.4 includes a statement of research and development
needs as identified through those interviews. This section also includes
recommendations which are solely derived by the Dynatech personnel respon-

sible for this report as a synthesis made from these interviews,
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Table 8.2

Summary of Interviews Held with

Dr. John Burke

Dr. Eugene Bell

Dr. Howard Green

Dr. Andrew B. Walker
Dr. Philip K. Thomson
Dr. Charles R. Baxter
Dr. Basil A. Pruitt
Dr. Magdalena Eisinger

JOHN BURKE

Shriners Burns Institute, Boston

Artificial Skin

® Cross—-linked collagen-glycosaminoglycan co-precipitate,
backed with silastic film.

* Storable dry or in 70 percent IPA, at room temperature.

° Fits contours of wound,

® Is permanent replacement for excised skin; no rejection;

absorbed in 2 months.
. Reduces scarring but does not eliminate it.

. This material possibly used as Immediate dressing; has
analgesic properties but preference is for no treatment.

Current Status of Research

[ Material in clinical trial; published in Ann. of Surg.,
1981 (282).

Further Developments

o Possibly desirable to incorporate additives such as
antibiotics, hormones, antibodies, growth factors into the
artificial skin.
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DR. EUGENE BELL

Table 8.2 (Continued)

Department of Biology, MIT

Research Relevant to Wound Therapy

Preparation of Collagen Lattices seeded with fibroblasts.

Epide-nal layer seeded onto collagen from disaggregated
cell ..ulture. These grow to confluence and form multi-
layered epidermis.

Graft dessication minimal due to keratinization of upper
cell layers.

Graft not sutured; held in place by wet bandage during
“take"; no visible seam between graft and original
tissue.

Recent Research Findings (to be published)

Fruitful Avenues

Mitotic activity of fibroblasts in lattice stops in vitro
but cellular metabolism does not. In vito mitotic activity
continues.

Synthesis of cellular products governs remodeling of colla-
gen dermal layer as evidenced by birefringence studies.

Rapid method of generating a dermal equivalent (dermal
layer) has been developed and depends upon the use of blood
platelets as substitutes for dermal cells. Up to 0.5 n2
can be prepared within six hours of receipt of 1 unit of
blood.

of Research and Development

More rapid proliferation of epidermal layers.

More rapid restructuring of collagen by dermal components.
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DR. HOWARD GREEN

—

Table 8.2 (Continued)

Department of Biology, MIT

Accomplishments

Research Plans

Fruitful Avenues

Rapid culture of epithelial cells from disaggregated cell
suspensions using EGF.

Sufficient confluent multi-layered epidermal sheets can be
prepared in 3-5 weeks for grafting high percent TBSA

wounds.

Sheets contain viable cells in all stages of differentia-
tion.

Work now in clinical trials.

Typing of cell cultures for use of allografts. Epidermal
sheets could be stored frozen; with 50 percent viability
on thawing, sufficient for grafting.

of Research and Development

Development of polymeric bairier films for controlling
water loss and infection prior to hospitalization.
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Table 8.2 (Continued)

DR. ANDREW B. WALKER

Allentown, PA

Accomplishments

° Development of new methods of collection, processing,
and storage.

] Demonstration of analgesic effect of amnion on second-
degree burns.

° Amnion used as covering for partially excised second-degree
burns, as temporary dressing on third~degree burns, on skin
ulcers.

° Establishment of amnion bank.

Clinical Observation

° Amnion sometimes obviates need for grafting deep second-
degree burns.

Present Status of Research

] Preliminary experiments for long term preservation by
chemical treatment.

/
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PHILIP D. THOMSON

Table 8.2 (Continued)

Shriners Bur

Research Rel

ns Institute, Galveston

evant to Burn Therapy

Monitoring, banking, and clinical use of amnion as a
burn wound dressing.

Use of amnion in conjunction with meshed autografts.

Amnion suitable as immediate dressing on superficial
second—-degree burns.

Temporary covering on recently excised wounds prior to
autografting.

Other Research Interests

Surgical management of burn wound sepsis.
Immunological responses of body, after severe injury.

Problems on use of porcine xenograft.
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Table 8.2 (Continued)

DR. CHARLES R. BAXTER

University of Texas Health Science Center

Recent Research Interests

(3 Study of Povidone-lIodine absorption into burn wounds.
] Dependence of burn materials on Leukocyte function.
°® Abnormal erythrocyte morphology in burns.

L Studies on fluid resuscitation.

Research Relevant to Wound Therapy

) Use of non-viable dermal layers harvested from cadavers
as permanent dermal graft.

° Dermal layer covered during vascularization with plastic
shield (Op-Site).

] Replacement of plastic shield with cultured epidermal
layer via tissue cultures.

Fruitful Avenues for Research and Development

) Polymer platen for epidermal cells,
® Methods of chemically treating harvested skin.
o Immediate first aid material with SR.
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Table 8.2 (Continued)

DR. BASIL A. PRUITT

Brooke Army Medical Center
U.S. Army Institute of Surgical Research
Fort Sam Houston, Texas

Regearch Interests and Findings

, ° Metabolic response to injury; hyperthermia not a response

H to evaporation loss., Metabolic rate in burn victims cor-

: related with catecholamine, cortisol, and glucagon secre-
tion (not yet published).

] Studies in area of host resistance including bacterial
motility.
® Effectiveness of antibiotics as a function of their

physical properties.

e Development of topical chemotherapeutic agents used to con-
trol infections in burn wounds.

e Evaluation of allografts and xenografts as biologic wound
dressings.

L Studies of bilaminate material developed by Dr. Norman
Levine.

Suggested Research and Development

° Identification of pharmacological agents which might
decrease permeability of injured capillaries and thereby
keep fluid within circulation.

° Protective first aid coverings with analgesic properties,

and broad spectrum antibiotic to prevent formation of a
closed infected wound.
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Table 8.2 (Continued)

DR. MAGDALENA EISINGER

{- —— ————— - _

Sloan-Kettering Institute for Cancer Research

Accomplishments

. Growth of multi-layered epidermal sheets from single cell
suspensions.

° Claims that epidermal growth and differentiation occurs
in absence of dermal components or special nutrients.

[ Uses collagen film support.

Present Status of Research

® Will not discuss
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8.2 Interview Summaries: Research on Absorbable Coverings Designed to

Obviate the Need for Autograftiqg

Although the approaches described in this section differ, they
have in common the goal of surgical repair of burn injuries which eliminate
the need for auto grafting. Work in this area includes development of bioab-
sorbable materials (collagen, collagen-based, or harvested dermal tissue).

In some cases these were intended to be used in conjunction with cultured
epidermal layers. Work described in this section also includes emphasis

solely on epidermal tissue culture.

Interviews, the summaries of which are included in this sec-
tion, were held with Drs. Baxter, Bell, Green, and Burke. The summary of our
interview with Dr. Pruitt is also included here.

Dr. Baxter. Dr. Baxter has clinically demonstrated that non-
viable dermal layers harvested from cadavers may be used in place of
autografted skin as a permanent dermal graft. These dermal layers are sub-
ject to several freeze-thaw cycles so that the viable cell content is vir-
tually nil. During vascularization of the dermal layer, moisture loss is
controlled by Op-site. When the dermal graft has taken, the Op-site shield
is replaced by a confluent epidermal layer prepared from the patient's own

tissue.

Dr. Baxter has identified several research priorities. Two of

these stem from his clinical experience.

Cultured epidermal sheets would be more conveniently grown on a
polymeric plate which would serve as both a support for the cells during
growth and as a moisture and bacteria controlling barrier after the cell
layer has been placed in contact with the dermal underlayer. The platen
would have to be flexible and inert, its surface characteristics designed to
stimulate or support epithelial attachment and growth, and its permeability
adjusted to govern passage of moisture. Such platens do not at the present

exist.
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The second need identified is for methods of chemical treatment

of harvested skin (dermal layers) for long-term storage at room temperature.

Dr. Baxter also realizes a need for a superior first aid treat-
ment. A polymeric barrier for control of water loss and bacterial infection
would be desirable for immediate post burn treatment. Control against infec-
tion could be achieved by sustained release from the polymer of suitaly cho-

sen agents.

Dr. Bell. Dr. Bell's living skin equivalent is a collagen bed
seeded with dermal fibroblasts which continue to function biosynthetically
and add structural components to the original collagen lattice. Dr. Bell
has recently developed a method for rapidly generating a dermal equivalent
seeded collagen bed; up to 0.5 mZ with the use of blood platelets instead
of cells, This can be prepared within six hours of receipt of one unit of
blood. Thus, Dr. Bell's preferred directions of research and development

include:
e techniques for more rapid proliferation of the epidermal
layer; and
L) induction of more rapid restructuring of the collagen by the

dermal components.

Dr. Green., Dr. Green has developed methods for rapidly
culturing confluent multilayered epidermal sheets with viable cells in all
stages of differentiation. Although culture of epidermal cells is employed
widely, Dr. Green's important contribution is the rapidity with which such
confluent layers may be generated. His methodology includes use of epider-
mal growth factor and can result in preparation of sufficient material
within three to five weeks for grafting high percent total body surface area

burns. These sheets are now in clinical triasl.

His priorities for research and development include typing of
cell cultures for use of allografts. Typed epidermal sheets could be grown,
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and stored frozen for eventual use; cell viability on thawing would be

approximately 50 percent.

A second area deserving research and development attention is
development of a polymeric barrier for protection of burned tissues prior to
hospitalization. The function of the first aid method would be protection
of the traumatized area against infection and control of water loss from the

burned area.

Dr. Burke. The artifical skin developed over the past ten

years by Drs. Burke (Massachusetts General Hospital, Boston, MA) and I.V.
Yannas (Dept. of Mechanical Engineering, MIT) 1is a unique contribution to
the field of burn covering research. The Burke/Yannas material is collagen
coprecipitated with glycosaminoglycan. The goal of this work now realized,
is a bioabsorbable material engineered to have the flexibility needed to
conform easily to a wound bed. Water permeability is controlled by a thin
Silastic backing which sloughs off as the material is absorbed. Healing is
accompanied by incorporation of or absorption of the synthetic collagen into

new tissue,

The Burke/Yannas synthetic skin overcomes storage problems. It
has an indefinite shelf life either dry or when kept in 70 percent isopropa-
nol. Storage in isopropanol keeps the material sterile and flexible for

immediate use; dry storage entails several minutes hydration before use.

Dr. Burke has observed the analgesic effect of the artificial
skin when applied directly to burns of less than 3rd degree severity.

Although Marion Laboratories has been licensed to manufacture
the material, supplies are limited and apparently will be so for some

time.
Dr. Burke's artificial skin is presently in clinical trial.

Although the present "second generation” material, incorporating seeded

basal epldermal cells, appears to yileld clinically satisfactory results (see
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section 3.5), Dr. Burke may in the future investigate the effects on healing
of materials incorporated into the skin. Additives might include certain

hormones, antibodies, or growth factors.

Dr. Pruitt. Dr. Pruitt was involved in the development of the
original topical chemotherapeutic agent used to control infection in burn
wounds and has also been involved in the clinical evaluation of allograft
and xenograft skin used as bilologic wound dressings. He has collaborated im
studies of a bilaminate material developed by Dr. Norman Levine of the U.S.
Army Institute of Surgical Research.

His opinion on preferred directions for R/D effort include:

. Development of pharmaceutical agents which would decrease the
permeability of injured capillaries. Such agents would reduce

the rate of pervaporative water logs from burned tissues; and

° Dr. Pruitt has also identified a need for a protective first
aid covering. A polymeric film including both an analgesic
agent and a broad spectrum antibiotic is a desirable immediate
firat aid treatment,

8.3 Interview Summaries: Amnion (Amniotic Membrane)

Two of the workers interviewed, Drs. Walker and Thomson, were
interested in exploiting amniotic membrane as temporary biological dressing
prior to autografting. The reasons for this interest appear to be concerned

with the following factors:

° Supply. Human amnion is at present available through hospital
maternity units. It may be stored refrigerated or frozem until
needed. 1Its sterility may be maintained by storage in peni-~
cillin solution. Presently, these methods are sufficient
but supply is limited and demand for the material is at least
as great as supply. Thus, long-term storage methods have unot
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been necessary. Supply, however, may be greatly increased
by making use of bovine amnion which may be harvested in con-
junction with preparation of fetal calf serum. Although we
have not investigated the extent of this potential supply we

are assured that it is considerable.

) Physical Properties. The mechanical properties (water
permeability, flexibility, and barrier to bacterial invasion)

make amnion suitable as a temporary dressing prior to

autografting, or in conjunction with autografting.

!
|
:

Workers have noted that amnion, when placed on burns of less
than third degree severity display an analgesic effect. Although the intent .
of the current work is not directed toward investigating this property, it
points to the potential utility of amnion as an immediate post-burn (first

aid) treatment,

Dr. Walker. Dr. Walker has used amnion as temporary dressings
for prepared wound beds prior to autografting. He has observed that amnion
sometimes obviates the need for grafting deép 2nd degree burns which
suggests that amnion may prevent progressive damage to tissues. In addi-
tion, Dr. Walker has used amnion as dressings for partially excised 2nd

degree burns, and as temporary dressings, 3rd degree burns and skin ulcers.

Dr. Walker has established an amnion bank at Allentown and in
conjunction with this activity has developed methods for collectiomn, pro-

cessing, and storage of amnion.

His research priorities include development of methods for {

amnion preservation by chemical treatment.

Dr. Walker has observed the analgesic properties of amnion.

Dr. Thomson, Dr. Thomson is concerned with problems of moni-

toring sterility of amnion, in storage or banking of amnion as well as in

TN e
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its clinical use in conjunction with surgical repair of burn injuries. He
also has commented on the suitability of amnion as an immediate dressing on

superficial 2nd degree burns. 1

8.4 Conclusions and Recommendations

In this section are listed the areas identified directly or
suggested by the interviewees as needing further research and development.

Included also is a synthesis made by the interviewer, Dr. Gresser, Dynatech

R/D Co. The recommendation embodied in this synthesis is solely the respon-
sibility of those who prepared this report.

Our understanding of the work of Burke, Bell, and Green
suggests that each nf these investigators has contributed importantly to the
development of absorbable burn coverings. Each has brought his work to the
point of clinical trial; however, if synthesis of aspects of the work could
be made by a cooperative enterprize, it might be possible to bring about

even greater advance.

Dr. Bell has developed a method for rapidly generating collagen
beds seeded with fibroblasts. Although we have no evidence to support this
speculation, it may be that Dr. Bell's collagen bed does not have the flexi-
bility and "drapability” of Dr. Burke's collagen coprecipitated with glycos-
aminoglycan. Dr. Burke's synthetic skin has been engineered so that con-
formity to the wound bed is improved. The obvious area of collaboration
is to improve preparation of the collagen beds by combining the rapid pro-~
duction and seeding techniques employed by Bell with the characteristics

engineered into Dr. Burke's collagen.

Dr. Burke did not speak of using epidermal sheets in conjunc~
tion with his membrane, although this is an integral aspect of Dr. Bell's
living skin equivalent. Dr. Green's interests did not include development
of collagen beds to receive the multilayered epidermal sheets which he has
been able to produce more rapidly than allowed by conventional techniques.

The application of Dr. Green's techniques . rapid epidermal culture in

15




conjunction with the improved product of Dr. Burke's and Bell's collabora-
tion methods would in our opinion give rise to an absorbable burn covering

superior to those discussed above.

As listed in Table 8.2, Dr. Bell has suggested that techniques
for more rapid proliferation of the epidermal layer are desirable as is de-

velopment of means for inducing more rapid restructuring of the collagen by

dermal components,

8.4.1 Suggestions Made by Interviewees for Research and Development

The following recommendations for fruitful avenues of investi-
gation have been abstracted from the interviews. The originators of each

suggestion are identified in the text.

® Development of Polymeric Barrier Films as a First Aid Treatment

for Burn Victims. The aim of this treatment would be to
control water loss and to minimize bacterial invasion. (Green,

Baxter, Pruitt). Desirable attributes would be amalgesic pro-

perties to minimize pain and incorporation of sustained release
agents such as broad spectrum antibiotics to preveni infection

(Pruitt), Dr, Burke also has considered addition of specific
agents to his artificial skin.

' Development of a Polymeric Platen for Support of Cultured
Epithelial Sheets (Baxter). Culture and use of epithelial
sheets for deposition on dermal layers; i.e., collagen or har-
vested dermal layer would be facilitated by a polymeric platen
with surface characteristics to encourage epithelial prolifera-

tion and to support confluent epidermal sheets. This platen
would have to have a controlled permeability to water in order
to allow adequate transpiration from the attached cell layer

without dessication.
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° Chemical Methods of Tissue Preservation. The use of amniotic

membrane as a biological dressing and of absorbable dermal

layers harvested from cadavers may become viable treatment
modes. The potential availability of both tissues seems to be
abundant. Chemical treatment of amnion for preservation and
storage at room temperature would be desirable (Walker).
Methods for collection, preservation and storage of amnion

should be developed (Thomson).

Dermal tissue harvested from cadaver skin is used by Baxter as
a bloabsorbable covering for full thickness excisions. Dr.
Baxter suggests that methods of chemical treatment for preser-—

vation should be developed.

) Cell Physiology. Several studies in cell physiology were
suggested. These include developing methods for typing cell
cultures so that cultured epidermal sheets for grafting would be

immediately available in banks (Green).

° Developing methods for inducing more rapid restructuring of
collagen layer by seeded dermal components (Bell).

8.4.2 Recommendations for Research and Development

Several workers have commented on the analgesic properties of
these burn coverings when applied to burned tissues prior to debridement;
that is, when applied immediately after injury and before surgical interven-
tion. Dr. Burke has observed this effect with his artificial collagen based

skin, Drs. Walker and Thomson have also commented on this with respect to

amnion.

It is clear that this property could be used to great advantage
in the immediate post burn treatment of burn victims. First ald coverings

based on collagen or amnion would have functions other than pain reduction:
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inclucing control of water loss and prevention of infection. These func-
tions might in part be met by allowing the membrane to serve as a reservoir
for the sustained release of active agents including but not necessarily

limited to antibiotics.

Successful exploitation of these materials would require the

following effects.

o Survey the potential supply of amnion from human and bovine
sources., The former would be available chrough hospitals, the
latter would be collected as an adjunct to harvesting fetal

calf serum.

[ Develop methods for chemically treating amnion for long-term
storage at room temperature. Such treatment obviously must not

interfere with the analgesic properties.

® Since Dr. Burke's precipitated collagen and amnion both display
analgesic properties, it is probable that cadaver skin, or the
dermal layers harvested there from also do. Chemical preser-
vation of this tissue should be explored conjointly with

methods for amnion. (See Dr. Baxter's suggestion.)

® Develop methods for employing collagen films, cadaver skin, and

amnion as reservoirs for sustained release of chosen agents.

) Develop methods for controlling permeability of these treated

materials for control of moisture transmission rate.
L) Explore applicability of Dr. Bell's method for rapid generation

of collagen films to production of quantitites sufficient for
use in first aid.
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Section 9

L ]
RAT TESTING
9.1 Objectives
L ]
The purpose of this series of rat tests was to examine quan-
titatively the adherence of burn coverings to the fully excised backs of
rats. The data generated allow quantitative comparisons to be made of a
14 variety of coverings in use today. i
One problem with the present program was that not all coverings é
were available to us. For example, the collagen skin developed by Bﬁrke and !
[ Yannas was in critically short supply so it could not be tested. The second :
problem was that not all coverings were adaptable to this type of protocol. |
Plurorics-F127, a gel ccvering, was unsuitable for removal by peeling.
t 9.2 Experimental Methods

Four coverings were evaluated in this test: Biobrane (Hall-
Woodroof), Second Skin (Spenco) (used with and without the film removed from
the exposed side), and Pluronics~-F127 (BASF Wyandotte). Animal surgery and
husbandry was carried out at SISA, Inc., Cambridge, Massachusetts, under the

direction of Dr. .Tohn Howes.

On day O male and female CD rats (from Charles River Rat)
weighing 240-260 grams were anesthesized with Nembutal I.P. (50 mg/kg). A ;
5x 7.5 cm? to 5 x 8.5 cm? area of skin was removed from the rat's back with 1
surgical scissors. The hair was not removed prlor to excision. A piece of
wound covering was cut to fit the excised area, placed on the area, and

' secured with ~12 wound clips. Four rats were used for each covering. The l
animals were returned to their individual cages and allowed food and water
ad libitum for four days. The only exception was the four Pluronics-F127
rats (20 g Pluronics, 80 g distilled Hy0, stirred on ice for 4 hours prior to
application, Schmolka 1972). After excision, the gel was applied to the
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exposed area, and the rats returned to their cages. After 24 hours the four
Pluronics-F127 rats were not eating as well as the other 12 rats and appeared
to be in pain. These rats were sacrificed with an euthanasic dose (100
mg/kg) of Nembutal. The gel covering would not have been adaptable to
Instron testing anyway, so these sacrifices were not considered detrimental

to the experiment.

On day four the rats were brought to Dynatech R/D Company for
adherance testing on the Instron Tensile Tester (Instron TT-C Universal

Tester Model, Instron Corporation, Canton, Magsachusetts).

The rats were given 50 mg/kg Nembutal I.P. prior to the test.
In preparation for the testing, the wound clips were removed and the edges
of the covering lifted. The edges were trimmed to remove the encrustation
that had formed around the edges so that the covering was approximately
4.5 cm wide,

Rats were then mounted on the rat board shown in Plate 9.1.
The head of the rat was pushed through the 1" nylon tubular webbing harness
and a piece of duct tape was tightly attached to both the rat and the har-
ness to prevent slippage. A second piece of duct tape was used to secure
the posterior end of the rat. This mounting is shown in Plate 9.2, which
shows a covering being removed from the rat's back during a test. Next, the
rat arm, shown in Plate 9.3, was positioned so that the clip was even with
the posterior end of the covering. The covering was then attached to the
clip. The Instron Tester was started and the covering was slowly removed as
the test proceeded. Data was recorded on a strip chart and saved for later
analysis along with pertinent observations. Many of the rats died during
the test, but all were given a second dose of 50 mg/kg Nembutal I.P. for

euthanasia.
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Rat Board
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Plate 9-2
Rat Test in Progress, Showing Entire Assembly
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Plate 9-3
Rat Arm
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9.3 Analysis of Instron Data

The raw data generated by the Instron Tensile Tester must be
properly interpreted in orde> to yield useful parameters such as adherence.

This sectionr describes the calculations involved in that exercise.

The data from Instron Tensile Tester is recorded on a strip
chart ten inches wide and marked in inches lengthwise. First, a represen-
tative section of the "curve"” must be chosen. That is, a section where the
width of the bandage was consistent, where the edge of the clip did not
catch in the covering, or where the test was not just beginning. The base-
line of the print out must be checked to make sure that it was properly
zeroed; if it was not, as in Figure 9.1, the baseline must be drawn in. b}
After the ends of the representative section of the curve are marked and the
baseline corrected, the area under the curve is measured with a planimeter.
The length of the area is also noted. Three other parameters, jaw separa-—
tion rate (in/min), chart speed (in/min), and scale (lbs/in), also need to l\
be known. For example a scale of 2.0 lbs/in means that each inch of the ten
inch wide chart is equal to 0.2 lbs.

With these facts, adherence may be calculated:

A+S§S-F

Adherence (lbs/in) = T

where: = area under the curve (in2);

scale (1lbs/in);

= chart speed divided by jaw separation rate
(units cancel out);

L = length of the area (in); and

W = wound covering width (in).

LI
]

9.4 Results

The actual chart recordings of the tests are presented in

Figures 9.1 - 9.12, This data was interpreted as discussed in Section 9.3,
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Figure 9.1

Biobrane Adherence Test

(Test No. 1 on Table 9.1)
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Figure 9.2

(Test No. 2 on Table 9.1)

Biobrane Adherence Test
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Figure 9.3
Biobrane Adherence Test
(Test No. 3 on Table 9.1)
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Figure 9. 4

(Test No. 4 on Table 9.1)

Inverted Biobrane Adherence Test
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Figure 9.5

(Test No. 5 on Table 9.1)

Second Skin (Film On) Adherence Test
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Figure 9. 6

Second Skin (Film On) Adherence Test

(Test No, 6 on Table 9.1)
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Figure 9. 7

7 on Table 9.1)

Second Skin (Film On) Adherence Test
(Test No.
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Figure 9, 8

Second Skin (Film On) Adherence Test
(Test No. 8 on Table 9.1)
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Figure 9.9

Second Skin (Film eff Adherence Test
(Test No. 9 on Table 9.1)
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Figure 9.12

Second Skin (Film (ff) Adherence Test

(Test No. 12 on Table 9.1)
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and the results are shown in Table 9.1. Statistical analysis of the data is
given in Table 9.2, The mean adherence of Biobrane was 11.2 g/cm, Second
Skin with the film on was 5.4 g/cm, and Second Skin with the film off was
48.6 g/cn,

9.5 Discussion

These results, though not comprehensive, do show general dif-
ferences between coverings. Second Skin with the film left on the exposed
side had the lowest adherence. There was a good deal of fluid accumulation
under the covering so there was not much hope of gnod adherence. It should
be noted that Second Skin is not meant to be used in full excision wounds;

it is to be used as a first—aid for minor cuts and burns.

Biobrane is a covering consisting of an ultra-thin membrane of
poly-dimethylsiloxane mechanically bonded to a very fine knit, flexible
nylon fabric. A non-toxic hypoallergenic mixture of highly-purified pep-—
tides derived from dermal collagen is bonded to the elastic membrane, pro-
viding a flexible covering. Biobrane is meant to be used on split-thickness
donor sites, as well as on excised ur debrided second and third degree burn
sites as a temporary covering (2-4 weeks). We found Biobrane to be a
superlor covering compared to the Second Skin covering. The adherence was
11.2 g/cm, and there was no fluid accumulation under the dressing. These
rats looked the healthiest. The covering draped well and provided a good

covering, yet was easily removed without any tissue failure.

Second Skin used without the film on the exposed side had the
highest adherence, 48.6 g/cm. The covering on this set of rats was ex-
tremely dry. When the covering was pulled off, there was a good deal of
tissue failure-—-the muscles gave way before the covering came off. This was

a poor covering as it was used.
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Table 9.1
ADHERENCE CALCULATIONS FOR DATA
PLANIMETER AREA
TEST AREA LENGTH SCALE ADHERENCE | ADHERENCE
NO. COVERING (1a?) (in) (1bs/in) | (1b/tn) (1b/cm) | COMMENTS
some stretching of the
1 Blobrane 7.66 5.1 0.1 0.0834 14.3 bandage
2 Biotrane 11.12 8.4 0.1 0.0735 12.6 good pull, rat died
3 Biobrane 6.61 9.2 0.1 0.0399 6.8
the woven side was up,
4 1“‘;:;;::‘“‘ 2.05 8.9 0.1 0.0128 2.19 thus, not ss mich tissue
adherence as 1-3
Second Skin
5 Film On 5.30 8.3 0.1 0.0355 6.1 considerable pus
Second Skin ’
6 Tilm On 3.78 7.0 0.1 0.0300 5.1 pus
Second Skin
7 Tilm On 2.58 4.0 0.1 0.0358 6.1 pus
Second Skin
8 Film On 1.87 4.2 0.1 0.0247 4.2 pus
9 s‘;‘;‘;: g::“ 5.l0 3.5 0.5 0.4095 70.1 tissue failure, no pus
10 s‘;‘;‘l‘: g‘f‘:“ 10.03 3.8 0.2 0.2930 50.2 tissue failure, some pud
Second Skin
11 Pilm OFf '13.15 5.4 0.2 0.2706 46.3 tissue failure
12 Second Suin 6.57 4.5 0.2 0.1622 27.8 some tissue fatlure
Notes:

A) Chart speed in all cases was

2" /um,

B) Read speed in all cases was 1"/mm.
C) Bandage width was 1.8,
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Table 9.2

STATISTICAL ANALYSIS OF ADHERENCE DATA ;
(ALL NUMBERS IN g/cm) P

STANDARD
ADHERENCE MEAN DEVIATION 90% CONFIDENCE
SAMPLE DATA (X) (S) LIMITS*
14.3
Biobrane 12.6 11.2 3.9 11.2 + 6.5
6.8
6.1
Second Skin 5.1 5.4 0.9 5.4 + 1.1
Film On 6.1
4,2
70.1
Second Skin 50.2 48.6 17.3 48.6 + 20.3
Film Off 46.3
27.8

#Defined by X + tS/ ﬁ

Where: N = pumber of observations
S = gtandard deviation

t = correction factor (from Handbook of Chemistry and Physics,
4lgt ed.) (t = 2,92 and 2.35 for 2 and 3 degrees of free-
dome, respectively)
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9.6 Conclusions

This series of rat tests quantitatively examined the adherence
of burn coverings to the fully excised backs of rats. Some coverings were
not available for testing; some coverings were not applicable to this method
of testing. Biobrane gave the best drapability and had an adherence of
11.2 g/cm. Spenco Second Skin with and without film gave low and high
adherence values, respectively, but it 1is not meani to be used in this

manner.
9,7 References
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Section 10

WIPE-ON COVERING EVALUATION IN PIGS

The purpose of these experiments was to quantitatively evaluate
in miniature pigs a wipe-on covering developed for the Navy by Dynatech.
The wipe-on, a solution of poly-e-caprolactone (PCL), methyl acetate, methy-
lene chloride, and triethyl citrate (a plasticizer), was developed under
Contract No. N00014~73~-C-0201. The pig study was carried out at Toxicol-
Sisa, Inc., in Cambridge, Massachusetts, under the direction of Ellen
Essigman, Ph.D.

The work was performed in two parts: a Pilot Study and a Main
Study. The Pilot Study involved two pigs and was designed to:

a) to determine an accurate and reproducible procedure for
generating burn wounds in miniature pigs;

b) to try out and evaluate several parameters for further studies
designed to determine the efficacy of a "wipe-on™ burn covering
in miniature pigs; and

c) to familiarize technical staff with procedures and techniques
such as pig handling, pig anesthesia, burn generation, and
application of a “wipe-on" burn covering.

That study resulted in: a method for anesthesizing the pigs during proce-
dures; a method for restraining the animal during observation periods; a
reproducible procedure for generating burns between second and third degree
in severity; methods for grading the severity of the burn wound by histolo-
gical and clinical observation; methods for measuring the microbial activity
at the site; a technique for applying the wipe-on covering; and a method for
measuring transepidermal water loss. These are discussed in detail in
Toxicol-Sisa's Final and Supplementary Reports, entitled "Pilot Study for
Evaluation of Synthetic Polymer “Wipe-on" Burn Covering in Miniature Pigs
for Dynatech R/D Company, Cambridge, Massachusetts,” and beginning on pages
103 and 159, respectively.
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The Main Study used the methods developed in the Pilot Study to
evaluate the wipe on covering in terms of microbial activity, transepidermal
water loss, and clinical and histopathological examination. There were |
twelve sites evaluated on the pig's back. One was unburned and uncovered,
one unburned and covered, five burned and uncovered, and five burned and
covered. The procedures used in and results from this study are contained
in Toxicol-Sisa's report "Main Study for Evaluation of Synthetic Polymer
"Wipe-On" Burn Covering in the Miniature Pig for Dynatech R/D Company,
Cambridge, Massachusetts,” beginning on page 62.

The results from one of the pigs in the pilot study may be exa-

mined along with thogse from the main study. Four points deserve discussion:

1) In neither case did the wipe-on covering appear to have any
positive or negative effect on the burn site, as evaluated by
histopathological and clinical examinationm.

2) Microbial evaluation in the main study pig yielded a positive
effect from the burn covering. That is, the covered sites had »
gignificantly less microbial activity than the untreated sites.
There was no difference seen in the pilot study pig.

3) There was a significant positive effect on transepidermal water
loss at 48 hours in the Main Study; the covered sites' evapora-
tion rate was less than that of the uncovered sites. There was
no difference in the pilot study pig.

4) The covering in the main study adhered much better than in the
pilot study. The covering in the pilot study was easily
removed in one piece, while in the main study the covering
adhered tightly to both burned and unburned sites.

Thus, the results of the two studies are not well-defined, al-
though two conclusions may be drawn, keeping in mind the limited data. First,
when the wound covering adhered well, positive results were seen in terms of
water loss and microbial activity. Second, neither study showed positive
results when evaluated histopathologically. The fact that the well adhering
covering in main study limited evaporation and microbial growth i{s encour-

aging; however, more study is needed before firm conclusions may be made.
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Please Quote: TS 1181-1
DP-1/PCL
PILOT STUDY FOR EVALUATION OF SYNTHETIC
POLYMER "WIPE ON" BURN COVERING IN MINIATURE
PIGS FOR DYNATECH R/D COMPANY, CAMBRIDGE, MA
(DP-1/PCL)
Final Report
By
Ellen M. Essigmann, Ph.D.
December 14, 1981
Connie West Toxicol-Sisa, Inc.
Dynatech Research & Development Co. . 763D Concord Avenue
99 Erie Street Cambridge, MA 02138
Cambridge, MA 02139 Tel.: 617/491-2496

Tix.: 951585 TOXSIS CAM
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PILOT STUDY FOR EVALUATION OF SYNTHETIC POLYMER

"WIPE ON" BURN COVERING IN MINIATURE PIGS

Test Material: Poly-E-Caprolactone (#26341) in triethylcitrate, methylene chloride
and methyl acetate

Toxicol-Sisa Ref. No.: TS 1181-1

Project: DP-1/PCL
Summary

A pilot study was performed for the purpose of developing and evaluating
methods. for performing an efficacy study on a "wipe on' burn dressing. The
methods developed included a procedure for anesthetizing the pig during the
burning procedure, a method for restraining the pig during the observation
period of 48 hours, a method for generating burns which were reproducibly
between second and third degree in severity, methods for grading the burn
wounds at the clinical and histological level, methods for evaluating the
microbial activity on the surface of the burn wound, a method for applying
the "wipe on" dressing, and a method for measuring the rate of evaporation
from the skin surface. The methods were described and evaluated and suggestions
vere made for improving the methodology in future burn studies. Preliminary
data comparing uncovered versus covered wound sites in terms of the severity
of the wound, rate of water loss and microbial activity was also generated.
The evidence, based on a one pig study with four covered and four uncovered
burns,does not support a significant difference between covered and uncovered
wounds evaluated 48 hours after burning.
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Test

PILOT STUDY FOR EVALUATION OF SYNTHETIC POLYMER

"WIPE ON" BURN COVERING IN MINIATURE PIGS

Material: Poly-E-Caprolactone (#26341) in triethylcitrate,
methylene chloride and methylacetate

Toxicol-Sisa Reference No.: TS 1181-1

Project: DP-1/PCL

Overall Objectives

Test

To determine an accurate and reproducible procedure for generating burn
wounds in miniature pigs.

To try out and evaluate several parameters for further studies designed
to determine the efficacy of a “wipe on" burn covering in miniature pigs.

To familiarize technical staff with procedures and techniques such as

pig handling, pig anesthesia, burn generation and application of a "wipe
on" burn covering.

Material

A clear, pale amber fluid in a clear glass, screw-capped jar labelled
Dynatech #011280-1 was received from Dynatech R/D Co. on November 5, 1981.
A small amount of the polymer appeared to have settled to the bottom of
the jar. Approximately 300 ml of material was provided, along with two 1"
wide natural bristle brushes to use in wiping on the dressing. The sample
was designated TS 1181-1 and the project, DP-1/PCL.

The test material was reported by Dynatech to consist of 40g of Poly-E-
Caprolactone (#26341) dissolved in a mixture of triethylcitrate, methyl-
acetate and methylene chloride (Appendix I). This formulation differs from
that specified in the Protocol DP-1/PCL. The formulation was changed in order
to produce a solution of adequate viscosity.

Purity Analysis

No analyses of the sample material were performed by Toxicol-Sisa.
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Animals

g Female minlature pigs of the Pitman-Moore strain, aged 6 to 7 months and weighing
between 15 and 18kgs, were supplied in one shipment by Vita Vet Laboratories, Inc.,
Marion, Indiana. The acclimation period was 14 days, during which time the

pigs were subjected to an examination for clinical signs of disease by

Drx. James Fox, D.V.M. The animals were housed in stainless steel dog metabolism
cages under controlled temperature (70 * 5°F), humidity (30 to 70%) and lighting
conditions (12 hours light/12 hours dark). The pigs were identified by ear

tag and cage card. Approximately 500 grams of chow (Respond 2000 dog food,
Agway, Inc. Syracuse, NY), mixed with water, was provided twice daily. Water
(approximately 2 liters) was provided three times a day. The pigs were weighed
weekly during the first month of the study, and thereafter they were weighed
prior to treatment. The pigs were allowed to exercise during the weighing
period.

Materials

Pig Sling

A pig sling custom made by Bailey's Sportswear Inc., Boston, MA was
constructed of heavy canvas with nylon lined leg holes and 1 1/2" wide
heavy nylon straps with toothed buckles. The dimensions are given in
the diagram below. The sling was attached to an angle iron frame using
nylon rope threaded through a series of grommets set into the sling.

The frame measured 18" wide, 59" long and 42" high.

I »
| N O Q T

4.5%

27"

Neck Strap

ﬁkump Strap
A I 7“
3 1"
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Evagorometet

A hygrometer (hygrodynamics, Silver Spring, MD) fitted with a
green humidity sensing Erobe (#733622) set within a plastic
housing with a 25.81 cm* (2 x 2") opening and a volume of 0.213
liters was provided by Dynatech R/D, Inc.

Branding Irons

Three stainless steel branding irons with removable wood
handles were provided by Dynatech R/D, Inc. The dimensions of
each iron were 2" high by 2” wise by 2" deep. Each iron
weighed approximately 1 kg. A set of weights totalling
approximately 2 kg were added to each iron for some burn
experiments.

0il Baths

Glass crystallization dishes containing Molykote silicone fluid
(Dow Corning Corp., Midland, MI) and electrically heated using

a 10 foot coil of 1.02 ohms/foot wire connected to an autotrans-—
former (Powerstat, Superior Electric Co., Bristol, CT).
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ANESTHESIA STUDY

Objectives

To obtain experience with the anesthesia procedure

To determine the depth and duration of anesthesia and the length of the recovery
period

To prepare the pig's back for subsequent burn studies

Trial I:

Pig #335

Experimental Design & Results

Pig #335, weighing 60 lbs., was used for this trial. Following a 24 hour
fast, the pig was injected (i.m.) with a mixture of xylazine (3mg/1b.)
and ketamine (5mg/l1b.) The pig was then transferred to a canvas sling
and monitored for 1 1/2 hours for respiratory rate and response to
stimuli, including jabbing of the soft areas of the nose with a sharp
object. Capillary refill time and pulse were not monitored. The
initial dose resulted in insufficient analgesia and anesthesia and,
therefore, was supplemented with an additional half dose (1.5wg/1lb. of
xylazine and 2.5mg/1b. of ketamine) approximately 40 minutes after the
initial dose. Full anesthesia, as evidenced by a decreased and atable
resplratory rate, lasted for approximately 20 minutes; full analgesia,

as evidenced by the absence of response to pain stimuli, lasted for at
least 30 minutes. The pig was returned to its cage 1 1/2 hours after the
initial dose. It was provided with food and water approximately 4 hours
after the last injection.

During the anesthesia trial, the pig's back was shaved with electric
clippers, a depilatory cream (Nair) was applied, and the back was marked
with indelible ink into 10 (2 x 2") squares, 5 on each side of the

back bone, spaced 1" apart.

Conclusions

Trial II:

An initial dose of 3mg/lb. xylazine and 5mg/lb. ketamine, followed by

a second half dose, resulted in approximately 20 minutes of full anesthetic
and analgesic action, as determined by respiratory rate and respomse to
mechanically induced pain stimuli. This was not felt to be sufficient for
a burn generation trial. The pig appeared to be fully recovered within
three to four hours of the final injection.

Pig #336

Experimental Design

Pig #336, weighing 60 lbs., was used foi this trial. The design of this
trial was essentially the same as for Trial I with the following
exceptions:

1. The full dose was increased from 3 to 4mg/lb. of xylazine and
from 5 to Bmg/lb. of ketamine.

2. The pig's pulse was monitored.
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3. Evaporometer readings were taken at site R2 approximately
. 30 minutes after Nair removal.
? Results and Conclusions

The initial full dose of ketamine/xylazine was not sufficient to prevent

spontaneous movement and response to dermal irritation caused by shaving
. and dipilatory cream application. This may have been due to the fact

that part of the dose was inadvertently administered subcutaneously,

rather than intramuscularly. An additional half dose (i.m.) resulted

in full analgesic action for approximately 45 minutes. The duration

of anesthetic action, evidenced by lack of spontaneous movement, de-

; creased respiratory rate and pulse, was approximately 1 hour. Respiratory

! ’ rate was unstable (9 to 72 breaths/minute) with irregular, shallow breathing
interspersed with long periods of apnea. The pulse was relatively stable

at 64 to 80 beats per minute. The pig was returned to its cage to recover.
Full recovery occurred within 5 hours of the second injection.

The increased dose resulted in an increase in the strength and duration

» of the anesthetic and analgesic action with a prolonged recovery period.
It was considered that the dose would be sufficient for providing anesthetic/
analgesic action during subsequent burn studies.

The evapprometer readings resulted in a cumulative rate of water loss of

1 x 107 g/émzsec. This data was not felt to be meaningful, as the readings
’ were taken on skin which had recently been shaved and treated with a

dipilatory cream. :

Trial III: Pig #335

Experimental Design

This trial was performed using pig #335, weighing 65 1lbs. The experimental
design was identical to that used in Trial II, except that no supplemental
doses were given, and the pulse rate was not monitored. The animal was
allowed to recover fully while still in the sling in order to evaluate the
effectiveness of the sling in restraining the animal over a long period

® of time.

Results and Conclusions

Approximately 25 minutes of full analgesic action and at least 35 minutes
i ] of anesthetic action were achieved. JGuring this time, the respiratory
) rate was relatively stable at 43 to 49 breaths per minute. The pig
appeared to be fully recovered within 2 hours of the injection. The
' sling proved effective in restraining the pig over a period of approx-
! imately 2.5 hours of intermittent struggling. The attachment of the
i sling to the frame was modified, following return of the pig to the cage,
‘ in order to facilitate feeding and watering the pig.
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BURN GENERATION STUDY

Objectives

The major objective was to determine a procedure for generating wounds which
are on the borderline of 2° to 3° in the dorsal skin of miniature pigs. A
second objective was to perform preliminary evaluations of the evaporometer
apparatus and several methods of microbial assay of pig skin.

Another objective, determination of 3H-Proline dose, was not addressed
as the Proline incorporation experiment was eliminated from the study at
Dynatech's request.

Trial 1

Experimental Design

Pig #336, weighing 64 1lbs., was used for Trial I, initiated on October 7,

1981.  One day prior to burn study initiation, the pig's back was reshaved }
following sedation with a 50mg oral dose of acepromazine. The pig was

fasted for 24 hours prior to pre-burn anesthesia administration. The

initial dose was 8mg/lb. ketamine and 4mg/lb. zylazine administered

i.m. as a mixture. A second, 1/4 strength, injection of the mixture was

required 35 minutes into the burn generation study.

Three stainless steel irons weighing approximately lkg each were used
for generating the burn wounds. The irons were heated in individual oil
baths adjusted to 65°C. The burning procedure consisted of draining and
wiping the iron over a 10 second period until it was relatively free of
oil, applying the iron to the site for a designated time period, and
replacing the iron in the o0il bath to re-equilibrate.

The sites were branded for time periods which varied from 10 to 45
seconds in duration (Diagram I, p.8). Light pressure was applied

during burning of the first six sites. For the remaining sites (L4,

L5, R4, R5), an additional 1000 grams of weight was added to the branding
iron.

Approximately 1 hour after burning, the sites were examined visually and
described. The pig was returned to the cage approximately eight hours after
burning. ’

Forty—eight hours after burning, the pig was returned tv the sling and

site R5 (45 seconds with 2,000g of pressure per 2 inch square area) was

biopsied for histopathological evaluation. The biopsy was taken from

the most severe region of the burn site and was approximately 1 x 2cm in

size. After removal of the biopsy sample, the wound site was filled

with Gel-foam. The pig was not sacrificed but was returned to its cage. :
The biopsy sample was fixed in 10% neutral buffered formalin and prepared

for histopathology examination as H & E stained sections.
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DIAGRAM 1

BURN DIAGRAM FOR 10/7/81 BURN GENERATION STUDY TRIAL I ON PIG #336

}:::l

(:A4NvJuLjL
e e
a
Lt 21 @ Rimldk
‘:lCIAn&L I;EI =1 :)
™m @ Flauk
@1 =5
N —————
Site - , Duration (Seconds)1
L1 10
L2 15
L3 25
L4 152
2
L5 35%
R1 : 10
R2 ' 15
R3 25
Ré | 252
2
RS 45
granding iron heated to 65°C in oil bath

_zAn additional 1000g of weight added to iron during branding
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esults and “onclusions

The xylazine/ketamine injection given as an initial full strength dose
followed by a quarter strength dose provided adequate anesthetic and
analgesic action during the branding procedure.

The sling was felt to be ineffective in restraining the pig so that the
pig had to be housed in its cage for the duration of the study. A

The burn wounds, as they appeared approximately 1 hour after burning, are
described in Appendix II. 1In general, the branding resulted in focal to i
diffuse severe erythema covering 40% or less of the burn site area. 1In

most cases the areas showing a response to the branding iron application

wvere located at the periphery of the sites where the edges of the branding

iron had rested. The amount of weight applied during branding of four

of the sites was increased in an attempt to achieve more contact between

the iron and the skin. The most uniform and severe burn, based on visual
examination at 48 hours post burning was that produced with 2kg of weight

applied for 45 seconds (site R5). Approximately 60% of this site showed

a response to the branding iron application. The response varied from

extreme erythema to a whitening and blistering of the skin in the interior

of the burn site. ‘ , : }

At 48 hours after burning, the erythema in most of the sites had faded

and it appeared that, with the exception of sites L5 and R5, the burns

were first degree in severity. Sites L5 and R5 appeared to have areas

vhich were 2° in severity. It was decided that R5 would be biopsied in 3
order to get histological confirmation of this diagnosis. The remaining

sites were left untouched so that they could be reused in a subsequent

burn trial (Trial II).

The histopathology report on burn site R5 appears in Appendix III. It was
characterized by full thickness necrosis of the epidermis with focal
separation of the epidermis from the dermis and necrosis extending into
the dermis a very short distance. Based on the classification formulated
for the purpose of this study (Appendix I1I), this burn is second degree
in severity.

The following conclusions were reached, based on the results of burn
generation Trial I:
The burns produced in Trial T were not uniform and were not reproducible.

1, Additional weight should be added to the branding iron in order
to achieve a more uniform burn within each site.

The burns produced were not severe enough.

2. The temperature of the branding iron should be increased and
the wrange of branding duration times should be expanded in order
to produce at least a few burns which are 2° bordering on 3°
in severity.

The sling did not pirovide sufficient restraint of the pigs.

3. A second strap in front of the hind legs should be incorporated
into the pig sling in order to adequately restrain the pigs.
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Experimental Design

This study was performed using pig #336, the same pig which was used for
burn generation study, Trial I. At the time of the trial, 10/20/81, the
pig weighed 71 1lbs.

The procedure for anesthetizing and burning the pig are identical to those
described for Trail I with the following exceptions:

1. The irons were heated to 70°C, rather than 65°C, and weighed
approximately 3kg, rather than 1 or 2kg.

2. The duration of application varied from 10 to 80 seconds
(Diagram II, p. 11 ). There were no duplicate sites.

As with Trial I, the plg was housed in its cage for most of the 48 hour
study period. While under sedation with acepromizine (50mg), it was
returned to the sling at 24 hours and then again at 48 hours for the
purpose of burn evaluation, evaporometer readouts, microbial assay (48
hours only) and biopsy sampling (48 hours only).

Approximately 48 hours after burning, evaporometer readings were taken at four
sites, three burned and one unburned, using the hygrometer. The housing

was placed on the marked site and readings were taken at 10 second

intervals over a 60 second period. Room termperature and humidity were

noted. The method for calculating rate of evaporation in g/cm2 sec. appears
in Appendix IV .

Four of the burn sites, representing a range of branding iron application
duration periods, were cultured 48 hours after burning. These were sites

R1l, L3, R4 and R5. The sites were sampled with sterile cotton tip applicetor
sticks. Aerobic bacteria were cultured using chocolate, blood McConky
split plates and Rodac blood agar contact plates, A limited anaerobe screen
included culturing on blood agar and thioglycolate plates.

All of the burn sites were biopsied 48 hours after burning. The biopsy
samples taken were approximately 2 2/8 x 3/8" in size and were cut to
include a portion of the subcutaneous fat layer. Biopsy samples were

cut across the center of each site, starting within the unburned

region cranial to the site and extending caudally into the unburned

area on the opposite side. The samples were fixed in 10% neutral buffered
formalin and prepared as H & E stained sections for histopathology
examination.

Results & Conclusions

Clinical and Histopathological Da:a

Clinical observations made on the burn sites at 24 and 48 hours
after burning appear in Appendix V . The nature and extent of the
skin response to branding iron application varied both within
individual sites and between sites.

In general, at least 40X of each site area showed a response to
treatment which was appreciable at the clinical level.
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L1
L2
L3

R1
R2
R3
R4
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DIAGRAM II

BURN DIAGRAM FOR 10/20/81 BURN GENERATION STUDY TRIAL II ON PIG #336
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Duration (Seconds)#*

30
20
35
45
65

10
25
40
55
80

*Iron heated to 70°C in oil bath
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Half of the sites showed a uniform response over 90% of their

area (sites R2, R3, L1, L2, L3). Variability of response

within the rest of the sites appeared to be related, at least in part,
to uneven contact between the branding iron surface and the skin and
perhaps to uneven application pressure. Sites burned for a
relatively short duration (less than 30 seconds) were characterized
by focal to diffuse severe erythema. Sites burned for 30 seconds

or longer showed focal to diffuse whitening and occasional blistering
of the skin adjacent to or within regions of severe erythema. The
amount of whitening and blistering roughly correlated . with the
duration of treatment. Several of the sites showed areas of abraded
skin which were produced when the pig was replaced in the sling for
observation purposes.

Another relevant finding was that the thickness of the subcutaneous
fat layer as observed at biopsy decreased from the cranial region
of the back to the caudal region. This factor may have also had

an effect on burn severity in the caudal region.

The results presented in the histopathology report (Appendix VI)
provide evidence for intra- and inter- site variability of response
to branding iron application. The range of response within and
between sites varied from no appreciable reaction to damage
characterized by partial to full thickness necrosis of the dermis.
The rating system used to grade the burns is described in Appendix
VI1I, and the histopathology results are tabulated in Table I on
page 13. In Table I , each burn site was given an overall grade
based on the predominant level of tissue damage present. In

most cases, the most severe level of damage present was not the
predominant level. ’

The least severe burn (R1) was produced with 10 seconds of heat
application. This site showed predominantly no response, with

small focal areas which were 1° or 1° bordering on 2° in severity.
The most severe burn was produced with the longest period of

branding iron application (80 seconds, site R5) and was predominantly
2° in nature with two large focal areas graded 2° bordering on 3°

in severity. '

Overall, the clinical and histopathological data shows an improve-
ment over Trial I in terms of uniformity of response within each
burn site. It also suggests that there is a loose correlation between

“duration of branding iron application and burn severity. The data,

however, 1s not strong enough to enable the experimentor to select
with contidence a branding temperature and duration for accurately
reproducing burns which are 2° bordering on 3° in severity. Some

of the variability and inconsistency observed in the present study
may be due to variation in skin and subcutaneous fat thickness

along the pig's dorsal surface. An appreciation for the effect of
these factors on burn reproducibility within the same pig or between
pigs will require further experimentation. Other factors which may
effect reproducibility are the presence of varying amounts of dead
skin debris on the pig's back and the existence of uneven pressure of
branding iron application, both within a given site and between
sites. These factors should be addressed in the experimental

design of subsequent studies.
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TABLE I
GRADING OF BURNS PRODUCED IN PIG #336 ON BURN GENERATION STUDY TRIAL II
PERFORMED 10/20/81

Burn Severity

Site Duration of Brandigg} Overall Grade2 Most Severe Grade3
Rl 10 0 Focal 1°/2°4
L2 20 1°/2° Focal 1°/2°
R2 25 1° Focal 1°/2°
L2 30 1°/2° Focal 2°

L3 35 1°/2° Focal 1°/2°
R3 40 1°/2° Focal 2°

L4 45 : 2° 2°/3°°

R4 55 2° Focal 2°

L5 65 1° Focal 2°

R5 80 2° Diffuse 2°/3°

1Duration of application of branding iron heated to 70°C in oil bath
2Gtade given to characterize severity of burn which predominates in biopsy specimen

3Grade given to characterize most severe degree of tissue damage observed in the
biopsy specimen

41'/2° should be read as a burn which is first degree bordering on 2° in severity

5A single small focus of 2°/3° tissue damage was observed
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Evaporometer Data

The evaporometer data produced from three burn sites and one unburned area
is presented in Appendix VIII. The purpose of generating this data was to
determine whether or not the evaporometer sensing element recommended by
Dynatech (Green probe #733622) was capable of measuring the rate of water
loss from both unburned and burned pig skin. The data indicates that

the probe detected evaporation from untreated sites, burned sites which
contained areas of mechanical abrasion and unabraded burn sites.

Microbial Assay (Appendix IX)

The limited anaerobic bacteria screen revealed the presence of obligately
anaerobic bacteria, probably Clostridium spp., in all four sites.

Aerobic bacteria cultured from all four sites included Staphylococcus
epidermidis, Group D Streptococcus spp. and Staphyloccus spp. (not

S. Aureus or S. epidermidis). Ome site (35 second duration) contained
Moraxella spp. and another (55 second duration) contained Bacillus spp.
and Klebsiella pneumoniae. All of these bacteria are commonly found on
the skin surface of domestic animals. For all four sites, the contact
plates produced colonies which were too numerous to count.

The results indicate that a method of serial dilution is needed for
future studies requiring a quantitative assessment of the bacteria
present in each site. Such an assay might focus on one commonly

present microbe, such as Staphylococcus epidermidis, or it might be
designed to determine the toral number of aerobes, regardless of species,
present on the skin surface of each site.
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"WIPE ON" WOUND DRESSING STUDY

Objectives

To perform a trial run of the proposed main study for evaluating the "wipe on"
burn dressing.

Study Design

This study was performed using Pig #335, which weighed 90 1lbs. at the initiation
of the study (11/10/81).

The procedure for preparing and anesthetizing the pig was identical to that
used for Burn Generation Study Trial II, except that the pig's back was
lightly scrubbed with a nylon scrubbing pad 24 hours prior to burning, and
only one full dose of ketamine/gylazine was required.

The procedure for branding the pig was identical to that used for Burn Generation
Study Trial II, with the following exceptions:

1. The irons were heated to 75°C, rather than 70°C.

2. The duration of branding for each burn site was 95 seconds.

/ 3. The branding iron weight (3kg) was continuously shifted over the site
during the application period in order to avoid uneven pressure
distribution.

The "wipe on" dressing (TS 1181-1)was applied to half of the 10 sites as indicated
in Diagram III, p 16 .  The method of dressing application was developed using
the "wipe on" dressing, a 1" wide natural bristle brush and a piece of leather.
Uniform coverage was obtained by soaking the brush in the dressing solution,
lightly wiping the brush against the side of the jar and painting approximately
half of the site in one even stroke. The brush was redipped for brushing the
remaining half of the site. The "dry" brush was then used to re-wipe the site

in order to more evenly distribute the still fluid dressing material and to

extend the dressing coverage over a 1/4" wide border of adjacent normal skin.

The dressing was applled approximately 10 minutes after burning each site.

The sites were described at 10 minutes after burning and again 48 hours after
burning (just following removal of the "wipe on" dressing material). Evaporometer
readings were taken on all sites at 4, 24 and 48 hours after burning. The method
used was identical to that described for the Burn Generation Study Trial II,
except that the 48 hour readings were taken for 3 minutes, rather than 1 minute.

The "wipe on” dressing was removed,using sterile forceps,as a single piece. All
of the sites were described, photographed and then cultured using sterile cotton
swabs dipped in Tryp-Soy Broth (Scott Laboratories, Fiskeville, RI). Two

! swabs were separately rolled over the entire surface of each site and then placed
in approximately 1 ml of broth. The tubes were maintained at approximately 15°C
during transportation to the microbiology lab at M.I.T. Six dilutions were
prepared from each sample (10 }, 1072, 1073, 10 *, 10 5 and 10°6). Each dilution
was plated onto 2 tryptic soy agar plates. Plates with between 30 and 300
colonies were counted; the average count from two plates was taken as the culture
result.
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DIAGRAM III

BURN DIAGRAM FOR 11/10/81 “WIPE ON" DRESSING STUDY PERFORMED ON PIG #335 USING TS 1181-1
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Biopsy samples were taken from each site as described for Burn Generation Study
Trial II.

b The pig was maintained within the sling for approximately 48 hours after burning.
During this time it was offered its usual diet of chow and water twice daily.

At 24 hours post branding, two impacted teeth were extracted from the pig's
upper jaw, following an i.v. injection with Valium. Between 28 and 35 hours
post branding, the pig was given approximately 1 gallon of orange juice

j (diluted 1:1 with water) by oral gavage. An 1.v. dose of Acepromazine (3mg)

{ was required in order to relax the pig during gavage.

Results & Conclusions

General

Following the shaving and marking of the pig's back twenty-four hours prior
to burning (11/9/81), the sling frame turned over with the pig in it. As

a result of this fall, the pig developed considerable edema, contusions and
abrasions of the skin in the region of the marked burn sites. The location
of two of the sites (L1 and L2) were shifted slightly in order to avoid
these lesions. In other burn sites where it was not possible to completely
avoid the lesions, the nature and location of the damage was described

so that it would not be confused with damage related to subsequent burning.

During the first 8 hours following burning, the pig appeared to have
tolerated the burning and restraint within the sling well. The animal ate
and drank approximately 4 hours after burning and appeared to have an
excellent appetite. On the following day the pig refused both food and
water., A veterinary examination revealed the presence of inflamed and
eroded gums associated with two impacted incisor teeth. The teeth were
extracted and the animal was given a mixture of orange juice and water

by oral gavage in order to prevent dehydration. The remainder of the
study was uneventful with respect to husbandry consideratioms.

Clinical and Histopathological Nata

The clinical observations made at 10 minutes and 48 hours after burning are
presented in Appendix X. The appearance of the sites, both at 10 minutes

and at 48 hours, suggested that more uniform burns developed for this experiment
than for the previous experiment. For each site, the entire branding

area showed a well defined response to the heat treatment, as compared to
large areas of normal skin remaining within the burn areas of Pig #336.

All locations showed diffuse whitening of the tissue over 100% of the 2 x 2"
area with varying amounts of red/purple and/or yellow/brown mottling.

There was no apparent effect of the burn covering on the clinical appearance

of the burn wound or of the normal (unburned) skin site.

The histopathology report (Appendix XI) gave confirmation at the histological.
' level of the intra- and inter-site burn uniformity observed clinically. The
H + E sections showed full thickness coagulative necrosis of the epidermis,
coagulative necrosis of the superficial dermis, separation of the epidermis
1 : from the dermis, congestion of the superficial dermal vessels and minimal
signs of cellular invasion for all eight burn sites. Based on these
observations, all of the burns were graded 2° in severity.
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TABLE I1
» GRADING OF BURNS PRODUCED IN PIG #335 IN "WIPE ON" DRESSING STUDY PERFORMED 11/10/81
i Burn Gradel
| Site Treatment 0verallh Most Severe5
1l Unburned, uncovered 0 0
[ ]
R1 Unburned, covered? 0 0
; L2 BurnedB, covered 2° 2°
’ 4 R3 Burned3, covered 2° 2°
L4 Burned3, covered 2° 2°
RS .Burned3, covered 2° 2°
’
R2 Burned, uncovered 2° 2°
L3 Burned, uncovered 2° 2°
R4 Burned, uncovered 2° 2°
»
L5 Burned, uncovered 2° 2°
1
e
N
1

H + E section of biopsy sample evaluated using burn grading system presented in
[ ) Appendix VII .

2Covered with "wipe on'" burn dressing TS 1181-1.

3Burned with a 75°C branding iron for a duration of 95 seconds.

40verall - the grade given for the degree of tissue damage which predominated in
the biopsy sample.

5Host Severe - the grade given for the most severe degree of tissue damage 'present
in the biopsy sample.

123

F—o-———




r e

- - v - A= et v gt . o .o i kit -

19

Additional histopathology findings were that in a few sites (L3, R2 and

R3) there was congestion of the deeper vasculature of the dermis, but

no corresponding congestion in the vessels of the dermal midzone. One

interpretation of this finding is that the vascular supply immediately ad-
jacent to the burn site was interrupted. This finding, coupled with the

L almost total absence of inflammatory cells within the burn sites, suggests

that there may have been more extensive damage to the dermis than can be

appreciated in an H + E section of tissue taken 48 hours after burning.

The focal areas of scab formation, epidermal necrosis, bacterial accumulation
and inflammatory infiltrate reported for sites L1, L2 and L3 are related
to tissue damage caused by the fall on 11/9/81.

There was no apparent effect of the wound dressing on the severity of the
burn wound as determined by histopathology evaluation (Table 11, p. 18).
All of the H + E sections of the biopsy samples were graded 2°, both

in terms of the predominant and the most severe degree of tissue damage.

Microbial Assai

The results of the microbial assay are presented in Appendix XII. The
average number of bacteria cultured from covered burn sites was 6.13 x 10"
versus 8.54 x 103 for uncovered burn sites. The average indicates an
approximately 10~fold higher level of bacteria present in covered versus
uncovered sites. However, there does not appear to be any significant

(P = 0.05) relationship between the number of bacteria present and the
treatment of the burn site (covered versus uncovered). The number of data
points available for analysis (4 covered, burned plus 4 uncovered, burned)
was relatively small, so that a real difference would have to be of

great magnitude in order to be significant. The nature of the burn wounds
may have had an effect on the microbial activity present. Severe coagulation
necrosis may preclude an early (48 hours or less) infiltration of the dead
tissue by opportunistic bacteria. There may also be a relationship between
site location (as expressed in terms of relative distance from the cranial
region of the pig's back) and number of bacteria present. The number of
bacteria present appeared to have substantially decreased from the site one
region to the site five region, regardless of burning or covering treatment.

Evaporometer Data

The evaporometer data appears in Appendix XIII. There was not enough

data present to evaluate the effect of the dressing on the rate of
evaporation from unburned skin. The cumulative rate of evaporation
(g/cmzsec) for burned, covered vs burned, uncovered at each time interva.
were compared using the t test for two means. At the three time inter-
vals evaluated (4, 24 and 48 hours post burning), there was no significant
difference (p = 0.05) between the rate of evaporation from burned, covered
compared to burned, uncovered skin. The average cumulative rates of
evaporation are as follows:

Time Treatment Mean (g/cm?sec) ' Standard Error
4 hrs  burned, covered 1.59 x 10-7 1.59 x 10-';'
burned, uncovered 3.18 x 10-% 1.84 x 10~
24 hrs burned, covered 1.27 x 10~ 1.07 x 10-6
burned, uncovered 1.59 x 10-8 1.05 x 10~%
48 hrs  burned, covered 5.00 x 1010 5.00 x 10-;°
burned, uncovered 7.92 x 10-7 5.12 x 107
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PERSONNEL INVOLVED ON STUDY

Study Director:
Director of Labdratory:
Toxicologist:

Staff Veterinarian:

Veterinary Pathologist:

Microbiologist:

Ellen M. Essigmann, Ph.D.

Francis J. Mecler, Sc.

D.

Charles Nicholas James

James Fox, D.V.M, ~

M.I.T.

Christopher Newcomber, D.V.M.

James Murphy, D.V.M,

Joel Ackerman, M.S. -
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Reviewed by:
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APPENDIX I
FORMULATION OF "WIPE ON" DRESSING DESIGNATED TS 1181—11
#26341 Poly-E-Caprolectrone 40g
Tri Ethyl Citrate (Pfaltz & Bauer) 5.8 ml ‘
Methylene Chloride (Howe & French) 60 ml }

Methyl Acetate (Matheson Coleman & Bell) 240 ml ;

1Prepared by Ms. Connie West, Dynatech R/D as Dynatech #011280-1

o
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APPENDIX I1
CLINICAL OBSERVATIONS ON BURN SITES PRODUCED IN 10/7/81 BURN GENERATION STUDY TRIAL I
PERFORMED ON PIG #336

1 Hour After Burning

Site Duration Weight of Iron (kg) Description

Ll 10 1 Severe erythema covering 40Z of site area

L2 15 1 Severe erytl :ma covering 30% of site area

L3 25 1 Severe focal to diffuse erythema covering
10% of site area

L4 15 2 Severe erythema covering 157 of site area

L5 35 2 Severe erythema éovering 40% of site with

whitening of skin in 10% of the site area

R1 10 1 Severe erythema covering 307 of the site
area ;
R2 15 1 Focal to diffuse severe erythema covering

15% of site area with whitening of 5% of
the site area

R3 25 1 Severe erythema covering 10% of site

R4 25 2 Focal to diffuse severe erythema covering
15% of site area with whitening of 5%
of the site area

R5 45 2 Severe erythema covering 40% of the site
with whitening of the skin over 20X of
the site

48 Hours After Burning

Site Duration Weight of Iron (kg) Description

L1 10 1 Normal

L2 15 1 Normal

L3 25 1 Normal

L4 15 2 Normal

L5 35 2 Erythema and eschar formation over <4% of
site area . \

R1 10 1 Normal

R2 15 1 Normal

R3 25 1 Normal

R4 25 2 Normal

R5 45 2 Erythema over 40% of site area witl

whitening and mild blistering of skin over )

128 20% of area
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APPENDIX III

HISTOPATHOLOGY REPORT ON SITE R5, PIG #336, BURN GENERATION STUDY TRIAL I (10/7/81)

SISA ~ Pig Burn Study

Pig #1: Preliminary Investigation

Skin (Acc. 81-1120)

This section is characterized by the presence of diffuse
necrosis of the epidermis with only a few small portions
of the epidermis unaffected. The necrotic process of the
epidermis extends only a short way into the opening of
hair follicles. There is separation of the epidermis

from the dermis at a few sites and evidence of necrosis
extending into the dermis a very short distance in a few
areas. The dermis is congested and there are perivascular
accumulations of polymorphonuclear leukocytes, some of
which have undergone necrosis. These changes in the
dermis are limited to the proximal one~third of the dermis.
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APPENDIX 1V

METHOD FOR CALCULATING THE RATE OF EVAPORATION IN PIG SKIN

Interpretation of Hygrometer Readings:

1. Record time and dial reading on sheet provided.

2. Read % relative humidity (RH) off graph (sensing element 733622) at
specified temperature and record on sheet.

3. Calculate ARH, the change in RH.
4. Using ARH, calculate the change in water presence:
AM = ARH x Water (g/liter) x Volume (liter)

Where: Water = Amount of Water in Saturated Air at Specified
Temperature, Obtained from Table 1

Volume = Volume of Plexiglass Housing, 0.213 liters
5. Calculate AT (sec). |
6. Obtain Rate of Evaporation (g/cmzsec)i
Rate (g/cmzsec) = MM/(AT x Area)
Where Area = 25.81 cm?, The Area of the Wound Site

7. Calculate cumulative AM, cumulative AT, and cumulative rate in similar means

TABLE 1

Temperature Water
(°c) (s/1)
15 ' 0.0135
16 0.0144
17 0.0154
18 0.0164
19 - 0.0174
20 0.0185
21 - . 0.0197
22 0.0210
23 0.0222
24 : 0.0237
25 0.0251
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Page 1 of 2

APPENDIX V 1
CLINICAL OBSERVATIONS ON BURN SITES PRODUCED IN 10/20/81 BURN GENERATION STUDY

TRIAL TI PERFORMED ON PIG #336

One Hour After Burning

Site Duration of Burn Description

L1 30 VUniform severe erythema over 100% of site area
L2 20 Severe erythema over 95% of site area

L3 35 Severe erythema over 100Z of site area

L4 45 Severe erythema over 40X of site area;

Diffuse whitening of tissue over 60Z of site area

LS 65 Severe erythema and diffuse whitening of tissue,
interspersed over 100Z of site area

"Rl 10 Mild to severe erythema over 80X of site area : \
R2 25 Severe erythema over 100% of site area
R3 40 Severe erythema over 1002 of site area
R4 55 Severe erythema interspersed with diffuse whitening
of the skin approximately 90% of site area
R5 80 Severe erythema and whitening of the skin over 80Z of
’ the site

24 Hours After Burning

Site Duration of Burn Description
Ll 30 Severe erythema and diffuse whitening of the skin

affecting the entire site with focal epidermal abrasion
produced during slinging of pir

L2 20 Patches of severe erythema covering 90% of site area 1
L3 35 Patches of severe erythema covering 90% of site area
L4 45 Severe erythema with whitening and blistering of the
skin over 651 of site : ;
L5 ) Severe erythema with whitening and blistering of skin ‘
over 80% of the site

ey
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24 Hours After Burning (cont.)

Page 2 of 2

Severe erythema over 40% of site area
Severe erythema over 100% of site area

Severe erythema and whitening of tissue over entire
wite with focal epidermal abrasion produced during

Severe erythema, whitening and mild blistering of
tissue over 70%Z of site

Site Duration of Burn Description
R1 10
R2 25
R3 40
slinging of pig
R4 55
R5 80

Severe erythema over 807 of site with extreme whitening
of tissue toward the center of the burn and focal

epidermal abrasjion produced during slinging of the ]
pig
48 Hours After Burning
Site Duration of Burn Description ¢
L1 30 Uniform severe erythema with focal epidermal abrasion
due to slinging of pig-
L2 20 Scattered foci of severe erythema over 60% of site
area \
L3 35 Severe erythema, focal to diffuse over 75% of site
area with mild blistering
L4 45 Uniform severe erythema over 707 of site area with
slight blistering and focal epidermal zbrasion due to
slinging of pig ¢
LS5 65 Uniform severe erythema and whitening of tissue over
60% of site with some clear exudate present
R1 10 Scattered foci of severe erythema over 20Z of site area
R2 25 Focal to diffuse severe erythema over 852 of site
with slight blistering
R3 40 Uniform severe erythema over 1002 of site with slight
whitening of skin and focal epidermal abrasion due to
slinging of pig
R4 55 Focal to diffuse severe erythema with whitening of
tissue over 65% of site
R5 80 Severe erythema with extreme whitening of tissue over

70% of site area with focal epidermal abrasion due to
slinging of pig
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APPENDIX VI

HISTOPATHQLOGY REPORT ON BURN GENERATION STUDY TRIAL IT ON PIG #336 (10/20/81

This section incorpor=tes epidermis, dermis, a thick panni-
culus adiposus, cutaneous muscle and another layer of adi-
pose tissue beneath this. Should future sections differ
from this I will comment on it, otherwise assume they

are the same.

This section is characterized by the presence of normal
appearing epidermal tissue at one end of the section,

and halfway across the section there is beginning necrosis
of the epidermis which progresses to separation from the
underlying dermis and in one area extensive necrosis that
extends into the dermis with an associated polymorphonu-
clear cell infiltration. The area of separation of epi-
dermis and ‘'ermis is filled with a mixture of proteina-
aceous fluid and polymorphonuclear leukocytes. The under-
lying dermis is congested with small leukocytic perivas-
cular cuffs surrounding some vessels. These changes are
limited to that portion of the dermis underlying the
necrotic epidermis and only the proximal one-third of the
dermis is affected.

The changes in this section are relatively uniform through-
out the section. The epidermis has undergone coagulative
necrosis and has separated from the underlying dermis.
Small accumulations of polymorphonuclear leukocytes and
small amounts of proteinacous fluid are evident in this
area of separation. The underlying proximal portion of
the dermis is characterized by congested vessels with mild
leukocytic perivascular cuffing. That portion of the
dermis immediately adjacent to the epidermis appears to
have undergone some degree of coagulative necrosis and a
small leukocytic infiltrate is present in this portion.

This section is characterized by diffuse involvement of the
epidermis, but there are more severe changes in the central
portion of the section than are present at either extreme.

The changes at the periphery are characterized by coagulative

necrosis of the epidermis with beginning separation of the
epidermis from the dermis and an infiltration of leukocytes
and proteinaceous fluid. These changes become more severe
one progresses towards the center of the section, and here
the changes are characterized by complete loss of the epi-
dermis with extensive necrosis extending into the underlying
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cont)

-3

Page 2

dermis with a polymorphonuclear cell infiltrate beneath
the area of coagulative necrosis of the dermis. Underlying
dermal vessels are congested and leukocytic perivascular
infiltrates are present in some areas.

The changes in this section are limited to coagulative
necrosis of the epidermis, separation of the epidermis from
the dermis, and a diffuse polymorphonuclear cell infiltra-
tion into the area of separation. A small portion of the
underlying dermis has also undergone necrosis, and vessels
in the proximal portion of the dermis are congested and
have some mild perivascular leukocytic cuffing. A small
portion of the epidermis associated with a hair follicle

is intact and has not undergone necrosis. )

This section is characterized by uniform coagulative necrosis
of the epidermis over approximately half of ‘the section and
the remaining half of the section has normal intact epidermis
that has not undergone necrosis. In the necrotic area there
is beginning separation of the epidermis from the dermis with
some hemorrhage and leukocytic infiltration into the area of
separation. A small portion of the underlying dermis has also
undergone necrosis. Mild vascular congestion in the proximal
portion of the dermis is evident in only a small portion of
the section.

This section is characterized by normal intact dermis and
epidermis with no evidence of necrosis, congestion, or leuko-
cytic infiltration.

The epidermis and dermis are intact, there is no evidence of
necrosis, separation of epidermis and dermis, congestion or
leukocytic infiltration.

This section is characterized by the presence of two or three
small foci where the epidermis has undergone mild coagulative
necrosis and there is beginning separation of the epidermis
and dermis with congestion of underlying vessels and mild
hemorrhage into the areas of separation. The majority of the
epidermis and dermis show no signs of necrosis, conagestion,
hemorrhage or leukocytic infiltration.
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Page 3

(cont'd)

This section is characterized by the presence of focal areas
of coagulative necrosis of the epidermis. In some areas

the necrosis has not extended through the full thickness of
the epidermis. Some of the foci are characterized bv
separation of the epidermis and dermis, and congestion of
underlying vessels in the proximal portion of the dermis.
Focal leukocytic infiltration is present in one area of
separation between dermis and epidermis. A small area of
necrosis of the epidermis is also associated with a mild
leukocytic infiltration.

- This section is characterized by one area of partial necrosis

of the epidermis, and another area where the entire thickness
of the epidermis has undergone necrosis and there is beginning
separation of epidermis from the underlyina dermis. Mild con-
gestion of underlying dermal vessels is also present in this
area with a mild perivascular leukocytic infiltrate. The re-
maining portions of the epidermis and dermis are unaffected.

This section is characterized by the presence of coagulative
necrosis of the epidermis of the central portion of the
section that affects approximately one-half of the section.
There is beginning separation of dermis and epidermis with
mild congestion of underlying dermal vasculature. The re--
maining portions of the section are unaffected.

There is no evidence of necrosis of the dermis, congestion of
underlying dermal vessels or leukocytic infiltration in this
section.

There is no evidence of dermal or epidermal necr.:.s, conges-—
tion or leukocytic infiltration.

A singular small focus of epidermal necrosis is present at

one extreme end of this section. The remaining 98% of the
section is unaffected. The changes in the necrotic area are
characterized by early separation of epidermis from underlying
dermis and congestion of a few vessels in the proximal portion
of the dermis.
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Page 4

E} (cont'd)

This section is characterized by small focal areas of
necrosis of the epidermis with mild separation of the
epidermis from the underlying dermis and mild congestlon
of vessels in the underlying adjacent dermis. There is
no evidence of hemorrhage or leukocytic infiltration
associated with these foci.

This section is characterized by the presence of focal
areas of necrosis of the epidermis. In most of the areas
the necrosis extends through the complete layer of the
epidermis; however, in some areas there is only necrosis
of a portion of the thickness of the epidermis. Early
separation of epidermis from underlying dermis is evident
in a few areas, and there is mild congestion of vessels
in the underlying dermis. Minimal evidence of leukocytic
infiltration is present in any of these foci.

This section is characterized by the presence of focal
areas of necrosis of the epidermis, affecting approximately
one-half of the section, and other areas are unaffected.
The affected areas are characterized by necrosis that ex-
tends either completely or partially throuch the epidermis
with early separation of epidermis from the underying der-
mis and congestion of vessels in the underlying dermis.
Minimal evidence of leukocytic infiltration is associated
with any of these foci.

This section is characterized by the presence of necrosis
of the epidermis at one extreme end of the section and the
remaining portion of this section is unaffected. The
necrotic areas are characterized by the vnresence of early
separation of the dermis from the epidermis and mild con-
gestion and leukocytic infiltration of the underlying
dermis.

This section is characterized by the absence of any areas
of necrosis affecting the epidermis or dermis. A singular
small focus of mononuclear cell infiltration of the dermis
is present that is probably unrelated to the experimental
procedure,.
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L4 (cont'd)

=2

This section is characterized by the presence of uniform
diffuse necrosis of the epidermis extending the full length
of the section, except for a very small portion at one end

of the section. The lesion is characterized by total coagu-
lative necrosis of the epidermis with necrosis extending

into a superficial layer of the dermis. There is extensive
separation of the dermis from the epidermis with an accumula-
tion of proteinaceous fluid in some portions of the section.
The vessels in the underlying dermis are congested and a mild
leukocytic perivascular infiltrate is present throughout most
of this section.

There appears to be some artifactual distortion of this
section at both extremes of the sections. I will elimin-

ate this portion from the description. A recut would be
necessary to verify the changes that might be present in this
area. The remaining portion of the section is characterized
by extensive diffuse necrosis extending through the epidermis
and into the proximal portion of the dermis. There is com-
plete separation of the epidermis from the dermis throughout
the section and extensive congestion of dermal vessels
extending halfway through the dermis. Some leukocytic infil-
tration is present in the area of the separation, plus some
proteinaceous fluid. A mild leukocytic infiltrate is present
in the adjacent dermis and is concentrated in the vicinity of
the congested vessels.

This section also has some artifactual distortion present at
both ends of the section. The major portion of this section
other than the area of artifact is characterized by extensive
diffuse necrosis of the epidermis extending into the proximal
portion of the underlying dermis. There is extensive separa-

- tion of epidermis from dermis with a moderate polymorphonuclear

cell infiltration into the area of separation. A moderate
amount of proteinaceous fluid is also present in this zone of
separation. Dermal vessels throughout the proximal one-half
of the dermis are congested. Focal moderate polymorphonuclear
cell infiltration is present in the proximal portion of the
dermis.

This section is characterized by the presence of extensive
artifactual distortion of the tissue, but it would appear that
necrosis did extend through the epidermis and approximately
halfway into the underlying dermis. This section should be
recut if there is a need for more complete histopathologic
evaluation. '
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L4 (cont'd)

-6 This section is characterized by intact, unaffected
epidermis and dermis throughout approximatelv three-
quarters of the section. At one perimeter of the
section there is coagulative necrosis of the epidermis,
and this necrosis extends into the proximal portion of
the underlying dermis. A mild degree of congestion is
present in underlying dermal vessels, but there is
minimal evidence of leukocytic infiltration of the
area. Beginning separation of epidermis from dermis
is evident in a few foci.

~1 A small focal area of necrosis of the epidermis is present
in the center of this section that is characterized by
beginning separation of the dermis from the overlying
epidermis and mild congestion of vessels in the underlying
dermis. Tha remaining portion of the section is unaffected.

-2 A singular small focus of necrosis of the epidermis is
present at one end of this section that is characterized by
only partial necrosis of the epidermis with mild congestion
of vessels in the underlying dermis and some early leukocytic
infiltration into the necrotic portion of the epidermis.

-3 This section is characterized by the presence of intact
dermis and epidermis without evidence of necrosis, vascular
congestion of the dermis or leukocytic infiltration.

-4 This section is characterized by diffuse necrosis of the
epidermis affecting all but a very small portion of epidermis
at one extreme end of the section. There is early separation
of epidermis from underlying dermis with a mild leukocytic
infiltration into the area of separation in a few foci.
Vessels in the proximal portion of the dermis are congested
and have mild perivascular leukocytic infiltrates throughout
major portions of this section.

-5 fThis section is characterized by diffuse coagulative necrosis
of almost the entire epidermis with focal areas of intact
epidermis at one end of the section. Beginning separation of
epidermis from dermis is evident throughout the section and
the vasculature in the underlying dermis is congested with
mild leukocytic perivascular infiltration associated with scme
vessels. Proteinaceous fluid is present in the area of separa-
tion in a portion of the section and there is some evidence of
necrosis of the dermis in the zone immediately adjacent to the
areas of separation.
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LS5 (cont'd)

-6

This section is characterized by coagulative necrosis of
approximately two-thirds of the epidermis with the

necrosis extending through the full thickness of the
epidermis and separation of the epidermis from the under-
lying dermis. The underlying dermal vessels in the proximal
portion of the dermis are congested and a mild leukocytic
infiltrate is present both in the dermis and in some areas
of separation. Partial necrosis of the epidermis is evident
at one focus and vessels in the underlying dermis in this
area are also congested. The most proximal portion of the
dermis in apposition to the areas of separation have also
undergone necrosis.

This section is characterized by intact epidermis and dermis
with no evidence of necrosis, congestion or inflammation.

This section is characterized by the presence of focal partial
necrosis of the epidermis in twd small areas of epidermis and
a third area of necrosis that extends completely through the
thickness of the epidermis. A mild degree of congestion is
evident in vessels of the Jdermis beneath the foci of necrosis
and there is evidence of separation of epidermis from the
dermis in the one area with full thickness necrosis. There is
minimal evidence of leukocytic infiltration asscciated with
the areas of necrosis. :

There is no evidence of epidermal necrosis, nor of congestion
in the underlying dermis-or
section.

There is no evidence of necrosis in either the dermis or epi-
dermis, nor areas of congestion of dermal vessels nor any
leukocytic infiltrate.

A singular very small focus of epidermal necrosis that involves
only a third of the thickness of the epidermis is present. Min-

imal evidence of vascular congestion is evident in the underlying

dermis and there is no evidence of leukocytic infiltration. A
portion of epidermis is missing from this section at one end of
the section and cannot be evaluated for evidence of necrosis.
There is no evidence of congestion in the underlying dermis,
however.
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Rl (cont'd)

_6'

There is no evidence of necrosis of the epidermis or dermis
in this section, nor are there foci of congestion of dermal
vessels or evidence of leukocytic infiltration.

There is artifactual destruction of this section at one end
of the section, however the remaining portions of the section
have no evidence of necrosis in the dermis or epidermis nor
evidence of congestion or leukocytic infiltration.

This section is characterized by large areas of necrosis of

the full thickness of the epidermis with focal areas of intact
non-necrotic epidermis adjacent to the necrotic areas. The
necrotic foci are characterized by early separation of the
epidermis from the dermis with small accumulations of protein-
aceous fluid and leukocytes in some of the areas of separation.
The vessels of the dermis immediately under the zones of
necrotic epidermis are congested and there is mild perivascular
leuxocytic infiltrate associated with these areas.

There appear to be large areas of necrosis and sloughing of
the epidermis, but this is compounded by the presence of
artifactual distortion of the tissue, and this section should
be recut for complete evaluation.

This section is characterized by the presence of alternating
foci of epidermal necrosis and intact epidermis. In some
areas, the epidermal necrosis extends through the full thick-
ness of the epidermis, in other areas only a portion of the
epidermis has undergone necrosis. There is beginning separa-
tion of the epidermis from the dermis in some areas with
early leukocytic infiltration of these areas. The vessels

in the dermis immediately adjacent to the necrotic areas are
congested and there is a mild perivascular leukocytic infil-
trate associated with these vessels.

This section is characterized by the presence of small foci

of epidermal necrosis at one end of the section. One of these
foci has complete necrosis of the full thickness of the epi-
dermis; the other focus has only partial necrosis of the epi-
dermis. Beginning separation is present between the dermis
and epidermis, and vessels in the dermis immediately beneath
the necrotic areas are congested and a mild perivascular
leukocytic infiltrate is associated with these vessels. Some
leukccytic infiltration of the necrotic tissue . is also evident.
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-6 There is no evidence of necrosis in either the epidermis

or dermis nor are there areas of congestion of dermal
vessels nor evidence of leukocytic infiltration.

There is no evidence of necrosis in either the epidermis
or dermis and there is no evidence of congestion or

-leukocytic infiltration of the dermis.

This section is characterized by the presence of intact
epidermis and dermis through approximately one-half of the
section. The other half of the section is characterized

by focal areas of necrosis of the epidermis interrupted by
small areas of intact epidermis. The necrotic areas are
characterized by full thickness necrosis throughout most

of the necrotic zones with partial necrosis of the epidermis
in one area. There is beginning separation of the epidermis
from the dermis with a leukocytic infiltration into the areas
of separation. The vasculature in the dermis immediately
adjacent to the areas of necrosis is congested and a mild
perivascular leukocytic infiltrate is associated with these
areas. There are focal areas of necrosis that extend into
the dermis immediately adjacent to the epidermis.

This section is characterized by the presence of a small
focus of intact epidermis and dermis at both extremes of
the sections with necrosis of the epidermis extending
throughout the remainder of the section, and in some areas
the necrosis extends deep into the underlying dermis. 1In
the areas of separation of the dermis from the epidermis
there is a moderate polymorphonuclear cell infiltrate
associated with accumulations of proteinaceous fluid. 1In
the area of necrosis into the underlying dermis the
epidermis is completely destroyed and sloughed, and there
is extensive polymorphonuclear cell infiltration at the
junction of necrotic and normal dermal tissue. A moderate
degree of congestion is present in the vessels of the der-
mis immediately adjacent to the necrotic areas with slight
leukocytic perivascular infiltration associated with the
congested vessels.
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(cont 'd)

This section is characterized by a small zone of intact
epidermis and dermis at one end of the section, and the
remaining 90% of the section is characterized by necrosis
of the epidermis. The necrotic areas are characterized

by full thickness necrosis, separation of the dermis from
the epidermis, and focal leukocytic infiltration and focal
accumulations of proteinaceous fluid in the zones of
separation. The vessels in the dermis immediately adjacent
to the necrotic epidermis are congested and a mild peri-
vascular leukocytic infiltration is associated with these
vessels. FPFocal areas of necrosis extending into the dermis
are present. These foci are small and the zone of necrosis
extends for only a short distance.

This section is characterized by relatively diffuse areas
of necrosis of the epidermis interrupted by small areas of
intact epidermis and dermis. The areas of necrosis are
characterized by full thickness necrosis of the epidermis,
separation of dermis from epidermis, and congestion of the
vessels in the dermis immediately adjacent to the necrotic
areas. A mild degree of perivascular leukocytic infiltra-~
tion is associated with these congested vessels. There is
minimal evidence of necrosis extending into the underlying
dermis, however focal areas of hemorrhage are present in the
dermis immediately adjacent to the necrotic epidermis.

This section is characterized by the presence of intact
epidermis and dermis with no evidence of congestion or
leukocytic infiltration throughout approximately 95% of the
section, but there is a focal area of partial thickness
necrosis of the epidermis with congestion and focal
hemorrhage in the underlying dermis at one end of the section.

This section is characterized by the presence of intact
epidermis and dermis throughout approximately 80% of the
section with necrosis of the epidermls throughout the
remainder of the section. The necrotic area is characterized
by full thickness necrosis, separation of the epidermis from
the dermis, and some leukocytic infiltration associated with
accumulations of proteinaceous fluid in the areas of separa-
tion. There is a slight degree of congestion of vessels in
the dermis immediately adjacent to the necrotic areas with
mild perivascular leukocytic infiltration.
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This section is characterized by the presence of diffuse
necrosis of the epidermis throughout the entire section

with separation of the epidermis from the dermis and mild
diffuse necrosis of the immediately underlying dermis
throughout the major portion of the section. The vasculature
of the dermis immediately underlying the zones of necrosis

is congested and a nrild degree of perivascular leukocytic
infiltration is associated with these vessels.

This section is characterized by the presence of diffuse
necrosis of the epidermis extending the full length of the
section with separation of the dermis from the underlying
dermis and extension of the necrosis for a short distance

in the dermis throughout the full length of the section.

The dermal vasculature immediately adjacent to the necrotic
area is congested and a mild degree of perivascular leuko-
cytie infiltration is associated with the congested vessels.
There is minimal evidence of a leukocytic infiltrate into the
areas of separation of the epidermis from the dermis.

This section is characterized by the presence of diffuse

full thickness necrosis of the epidermis throughout the full
length of the section with beginning separation of the
epidermis from the dermis and accumulations of proteinaceous
fluid and polymorphonuclear leukocytes in those areas of
separation. The vasculature in the dermis immediately under-
lying the area of necrosis is congested and a mild perivascular
leukoeytic infiltration is associated with these congested
vessels. There are focal areas of necrosis of the dermis
immediately adjacent to the areas of separation.

This section is characterized by the presence of full thickness
‘necrosis of the epidermis interrupted by areas of intact epi-
dermis and dermis. The intact areas are small and constitute
only a small portion of the epidermis. The necrotic foci are
characterized by full thickness necrosis with separation of

the epidermis from the dermis and some focal areas of necrosis
of the underlying dermis. There is a mild leukocytic infil-
trate into the area of separation in a few small foci. The
dermal vessels immediately adjacent to the areas of necrosis
are congested and a mild perivascular leukocytic infiltration
is associated with some of these vessels.
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(cont'd)

This section is characterized by the presence of an intact
epidermis and dermis throughout approximately 80% of the
section with necrosis of the remaining portion of epidermis.
The area of necrosis of the epidermis is characterized by
full thickness necrosis throughout most of the affected area
with beginning separation of the epidermis from the dermis
and a mild leukocytic infiltrate into the area of separation.
The dermal vessels immediately adjacent to the zone of
necrosis are congested and a mild perivascular leukocytic
infiltrate is associated with these areas.

This section is characterized by the presence of an intact
epidermis and dermis *hroughout 95% of the section with a
small focus of necrosis of the dermis at one end of the
section. The necrotic areas are characterized by full thick-
ness necrosis of the epidermis throughout most of the area
with no evidence of separation of epidermis from dermis and
a few vessels in the underlying dermis are congested but
there is no evidence of a leukocytic infiltrate or peri-
vascular cuffing.

This section is characterized by the presence of severe
diffuse necrosis throughout the full lenath of the section.
The necrotic zone extends through the full thickness of the
epidermis into the underlying dermis for a short distance.

In some areas the epidermis is sloughed; in other areas there
is separation of the epidermis fromthe underlying dermis and

at one end of the section there is extensive necrosis extending

deep into the dermis almost to the level of the panniculus
adiposus. Extensive congestion and hemorrhage is present in
this area of deep necrosis. There is a suggestion of arti-
factual distortion associated with this section and it should
be recut for complete evaluation.

This section is characterized by severe diffuse necrosis
extending the full length of the section. The necrosis
extends through the full thickness of the epidermis and a
short distance into the underlying dermis throughout about
half of the section. The remaining portion of the section
has necrosis that appears to extend deep into the dermis
almost to the level of the panniculus adiposus. There
appears to be extensive serum accumulation on the surface
of the skin and extensive sloughing of the epidermis over
a large area. There is minimal evidence of leukocytic
infiltration of the zone of separation of the epidermis from
the dermis and no evidence of proteinaceous fluid. The
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(cont'ad)

vessels in the dermis immeuiately adjacent ot the necrotic
area are congested and there is a slight perivascular mono-
nuclear cell infiltrate associated with these congested
vessels. A moderate leukocytic infiltration is associated
with a hair shaft that is in the area of necrosis.

This section is characterized by the presence of severe
diffuse necrosis throughout the full length of the section
with extension of the necrosis through the full thickness
of the epidermis for a short distance into the under-
lying dermis. The epidermis has separated from the dermis
over a large portion of the section and accumulations of
proteinaceous fluid are present in the area of separation.
The vasculature in the dermis immediately adjacent to and
deep to the necrotic area are congested and a mild peri-
vascular leukocytic infiltrate is associated with these
vessels. '

This section is characterized by severe diffuse necrosis of
the epidermis with extension of the necrosis through the full
thickness of the epidermis and for a short distance into
the underlying dermis. The epidermis is separated from the
dermis throughout the entire length of this section and
there are accumulations of proteinaceous fluid and leuko-
cytes in the areas of separation. The vasculature in the
dermis immediately adjacent to the areas of necrosis and
also vessels deep in the dermis are congested. A mild
perivascular leukocytic infiltrate is associated with those
vessels close to the areas of necrosis. Large areas of

hair shafts and other skin adnexa.

This section is characterized by the presence of intact
epidermis and dermis throughout approximately two-thirds '
of the width of the section with extensive necrosis of ‘
the epidermis and dermis in the remaining portions of the

section. Most of the epidermis has sloughed and the necrotic

zone extends deep into the underlying dermis. A zone of both

intact and necrotic polymorphonuclear leukocytes are present . :
in the area of junction of necrotic and normal dermal tissue. {
Focal areas of hemorrhage are present both in the necrotic

area and normal tissue adjacent to the zones of necrosis.

Accumulations of polymorphonuclear leukocytes, proteinaceous

fluid and necrotic cell debris are on the surface of the skin

in the area of severe necrosis. A recut is indicated.
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APPENDIX VII

GRADING SYSTEM FOR THE HISTOPATHOLOGICAL EVALUATION OF THERMAL BURNS IN THE SKIN

Grade

10

10/202

20

2°/3°3

30

OF MINIATURE PIcsl

Description

Normal skin

a)
b)
a)
b)
c)

d)

a)
b)
c)
d)
e)

a)
b)
c)
d)
e)
£)

a)
b)
c)
d)

Partial or complete necrosis of the epidermis
Congestion of the superficial dermal vessels
Same as above

Same as above

Separation of the epidermis from the dermis

Exudation of leukocytes and proteilnaceous fluid into area of
separation '

Same as above
Same as above
Same as above
Same as above

Necrosis of the dermis at the junction of the dermis and
epidermis (papillary region)

Same as above
Same as above
Same as above
Same as above

Same as above

Dermal necrosis that extends beyond the papillary region
but involves less than the full thickness of the dermal layer

Same as above
Same as above
Same as above

Same as above
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e) Same as above

f) Full thickness dermal necrosis

1Based on a modification of the burn classification systems discussed by Rudowski

(Burn Therapy and Research, John Hopkins Union Press, Baltimore, 1976).

21°/2° indicates a burn which is 1° bordering on 2° in severity.

32°/3° indicates a burn which is 2° bordering on 3° in severity.
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! APPENDIX VIII

EVAPOROMETER DATA FOR BURN GENERATION STUDY TRIAL II ON PIG #336

Site Treatment ) Cumulative Rate of Evaporation (g/cmzsec.)
Unburned 3.82 x 1076
Burned 2.35 x 10 S
Burned 1.46 x 10 3
Burned 3.94 x 10 5
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APPENDIX IX

MICROBIOLOGY REPORT ON BURN GENERATION STUDY -~ TRIAL II ON PIG #336

Obligately Quantitative Assay

Site Burn Grading Aerobic Bacteria Anaerobic Bacteria (Contact Plate)

Overall Most Severe

R1 0 Focal 1°/2° Staphylococcus . Present’ ™rcd
epidermidis
Staphylococcus spg}

Streptococcus'spp,
Group D

L3 1°/2° TFocal 1°/2° Staphylococcus Present2 TNTC
epidermidis

Staphylococcus spg}

Streptococcus SPpw.
Group D

Moraxella spp.

R4 2° Focal 2° Staphylococcus Present2 TNTC
epidermidis
Staphylococcus Spp.

1

Streptococcus spp.

Bacillus spp.
Klebsiella pneumoniae

R5 2° Diffuse Staphylococcus Present2 TNTC
2°/3° epidermidis
Staphylococcus spp}

Streptococcus spp.

lﬂot S. aureus or 8. epidermidis

2

Probably Clostridium spp.

3Too numerous to count; greater than 200 colonies per 16cm
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APPENDIX X
CLINICAL OBSERVATIONS ON BURN SITES PRODUCED 11/10/81 FOR "WIPE ON" DRESSING STUDY

PERFORMED ON PIG #335

10 Minutes After Burning

Site Burn Dressing Description
Ll Unburned Uncovered Normal with exception of mild abrasion

due to fall on 11/9/81

L2 Burned Covered 652 uniformly whitened in appearance,
35% severe erythema; laceration, edema
and erythema over 20%Z of area in left
caudal corner of site due to 11/9/81 fall

L3 Burned Uncovered 100%Z uniformly white with diffuse, severe
erythema; a bruise, resulting from the
11/9/81 fall, covers approximately 15%
of the left cranial corner of the site

L4 Burned Covered 15% of site area uniform white; 85% of
site area severe erythema with an area
(10%Z) of diffuse white

L5 Burned Uncovered Severe erythema with diffuse whitening
of tissues over 70% of site area; uniform
whitening of tissue over 30% of area

R1 Unburned Covered Normal except for some mild abrasion due
to fall on 11/9/81

R2 Burned Uncovered Uniform white with diffuse erythema
R3 Burned Covered Uniform white with diffuse erythema
R4 Burned Uncovered Uniform whitening of tissue over 95% of

site with diffuse erythema covering 40%
of this region; 5% of site characterized
by uniform erythema only

RS Burned Covered 95% of site characterized by severe
erythema with diffuse whitening of
tissue; 5% of area characterized by
uniform whitening of tissue
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48 Hours After Burning

Site

L1

L2

L3

L4

L5

Rl

R2

R3

R4

R5

Burn

Unburned

Burned

Burned

Burned

Burned

Unburned

Burned

Burned

Burned

Burned

Dressing

Uncovered

Covered

Uncovered

Covered

Uncovered

Covered

Uncovered

Covered

Uncovered

Covered
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Description

Some abrasion scabs present due to fall

‘on 11/9/81 (less than 5% of site)

Whitened tissue with mottled yellow/brown

(35%), severe erythema with uniform whitening

of tissue (65%)

Whitened tissue unformly mottled
yellow/brown with a few foci of purple
(90% of area); scab due to fall on
11/9/81 covering 10% of area

Whitened tissue mottled with purple foci
(45% of area); whitened tissue with
yellow/brown mottling (40% of area);
uniformly whitened tissue covering 152
of area

VWhitened tissue with yellow/brown mottling
(40% of area); whitened tissue with purple
mottling (55% of area); uniformly whitened
tigsue (5% of area)

Scab due to 11/9/81 fall covering less
than 5% of area

Whitened tissue mottled with yellow/brown
covering 90% of area; uniformly whitened
tissue covering 10X of area

Whitened tissue mottled with yellow/brown
covering 95% of area; uniform whitening
of tissue covering 5% of area

Yellow/white tissue with brown mottling
covering 70% of area; yellow/white
tigsue covering 25X of area; uniform
vhitening of tissue covering 5% of area

65% of area characterized by red/purple

and white mottling; 30X of srea characterized

by yellow/brown and white mottling;
$% uniform whitening of tissue
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APPENDIX XI

HISTOPATHOLOGY REPORT ON "WIPE ON" DRESSING STUDY PERFORMED 11/10/81 ON PiG #335

Pilot Study

INTRODUCTION

Each slide submitted for evaluation contains two sections
which represent the full cross section of each burn site with
a small portion of normal skin at each perimeter. The skin
sections are characterized by the presence of epidermis, dermis
and a portion of the panniculus adiposis. The report of the
histopathologic appearance of each of these two sections will
be treated as thouagh it were a single continuous section.

Section L1

This section is characterized by the presence of an intact
epidermis throughout the entire length of the skin section with
the exception of two small foci of necrosis near the center of
the burn site and an additional small focus of necrosis near
the perimeter of the burn site. The focus of necrosis located
at the perimeter of the burn site is characterized by focal
destruction of the epidermis and a small portion of the under-
lying dermis. A scab formation is present on the overlying
surface that is composed of necrotic cell debris, proteinaceous
fluid and large numbers of coccoid bacteria. A moderate number
of polymorphonuclear leukocytes are present in the dermis and
epidermis at the perimeter of the focus cf necrosis. The two
small foci of necrosis near the center of the burn site are
similar in appearance and consist of focal necrosis of the
epidermis extending superficially into the papillary portion
of the dermis. Scab formation composed of necrotic cell debris
and proteinaceous fluid with minimal evidence of bacteria is
present on the overlying surface. A moderate number of poly-
morphonuclear leukocytes are present in the underlying epidermis
and dermis at the perimeter of the necrotic area.

Section L2

This section is characterized by the presence of intact
epidermis at both extremes of the tissue section peripheral to
the burn site. The remaining portion of the section is
characterized by diffuse coagulative necrosis of the epidermis
which also extends for a short distance into the underlying
papillary portion of the dermis. Extensive separation of
epidermis from dermis is present in some areas, but some of
this may represent an artifact of sectioning. Accumulations of
proteinaceous fluid, a few leukocytes and a few red blood cells
are present in the separation space between the epidermis and
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Pilot Study
Page 2

Section L2 (cont'd)

dermis in the central portion of the skin section. The dermal
vasculature beneath this zone of separation is congested with
focal perivascular hemorrhage. There is almost no evidence of
cellular invasion of the burn site in this section of tissue.

Section L3

This section is characterized by the presence of intact
epidermis and dermis at one extreme of the section, whereas at
the other extreme of the section there is a focal area of
necrosis of the epidermis that extends into the underlying
dermis in the center of a portion of normal appearing, unaffected
epidermis and dermis. The major portion of this section associ-
ated with the burn site is characterized by diffuse coagqulative
necrosis of the epidermis which also extends into the underlying
papillary portion of the dermis. Extensive separation of the
epidermis from the dermis is present throughout the section, but
most of this appears to be an artifact of sectioning. Small
accumulations of proteinaceous fluid and leukocytes are present
in the zone of separation between the epidermis and dermis at the
perimeter of the burn site at the junction of necrotic epidermis
and normal intact epidermis. The underlying dermal vasculature :.-
in this area is congested. There is no evidence of congestion of
vessels in the dermis of the central portion of the burn site,
except in deeper. vessels near the junction with the panniculus -
adiposis. This finding suggests an interruption of vascular
supply to the dermis immediately adjacent to the burn site. There
is also no evidence of leukocytic infiltration of those tissues
associated with the burn site. The exception to this is that
portion of tissue at the perimeter of the burn adjacent to normal
tissue. The focal area of necrosis mentioned earlier is character-
ized by necrosis of the epidermis extending into the underlying
papillary portion of the dermis, with scab formation on the over-
lying surface composed of necrotic cell debris, blood and protein-
aceous fluid, and a polymorphonuclear cell infiltrate in the
dermis and epidermis adjacent to the area of necrosis.

Section L4 :

This section is characterized by the presence of a zone of
intact epidermis and dermis at both ends of the section with
diffuse coagulative necrosis of the epidermis and underlying
papillary portion of the dermis throughout the remainder of the
section. The underlying dermal vessels are congested throughout
the section in the region of dermal and epidermal nécrosis, and
evidence of congestion is present in the vessels deep in the ~
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Pilot Study
Page 3

Section L4 (cont'd)

dermis. Extensive separation of epidermis from dermis is
present throughout the section in the area of necrosis, but
some of this appears to be an artifact of sectioning. Focal
areas of separation with an infiltrate of proteinaceous fluid
into the zone throughout the section. Several vessels deep
in the dermis in the central portion of the section contain
fibrin thrombi. Extensive artifactual distortion of one of.
the two sections of skin precludes a critical evaluation of
tissue changes in this section.

Section L5

This section is characterized by intact epidermis and
dermis at the perimeter of the section with diffuse coadgulative
necrosis of the epidermis throughout the remaining portion of
the section in the area of the burn. There is minimal evidence
to suggest extension of necrosis into the underlying papillary
portion of the dermis. A moderate degree of congestion is
present in the dermal vessels immediately beneath the epidermis
throughout the section, with the exception of the perimeters.
Multiple small foci of separation of epidermis from the dermis
are present with accumulations of proteinaceous fluid within
these areas of separation. In addition, multiple small foci of
separation between layers of cells in the epidermis with
accumulations of prrteinaceous fluid within these foci are
present throughout the section. The majority of these contain
both proteinaceous fluid and accumulations of red blood cells
and the majority of them are located immediately beneath the
cornified cell layer of the epidermis. Occasional small peri-
vascular accumulations of leukocytes are present around small
congested capillaries in the papillary portion of the epidermis.

Section Rl

This section is characterized by the presence of intact
epidermis and dermis throughout the entire length of the
section with the exception of a sinqular small focus of
necrosis of the epidermis which extends slightly into the
underlying dermis, slightly to one side of the center of the
burn site. This focus is characterized by the presence of
scab formation on the overlying surface composed of a
mixture of necrotic cell debris and proteinaceous fluid with
total necrosis of the underlying epidermis and - the papillary
portion of the dermis. A slight polymorphonuclear cell infil-
trate is present in the dermdl tissue immediately adjacent to
the focus of necrosis. Two additional small focal accumula-=
tions oi'necrotic cell debris are present in the keratin layer
of the epidermis immediately adjacent to this area of necrosis

154




Page 4

Pilot Study
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8ection Rl (cont'd)

described. There is minimal evidence of congestion of dermal
vessels in the papillary portion of the dermis and minimal
evidence of leukocytic infiltration except at the singular
small focal area of necrosis.

Section R2

— et et

This section is characterized by the presence of intact
epidermis and dermis at the periphery of the sections with )
extensive diffuse necrosis of the epidermis which extends into
the underlying papillary portion of the dermis for a short
distance. Multiple foci of separation of the epidermis from
the dermis are present, however many of these appear to be
artifacts of sectioning. Focal areas of separation of epidermis
from dermis with an infiltration of proteinaceous fluid are
present. Extensive artifactudl distortion of one of the two

sections of skin precludes a critical evaluation of this portion

of the section. A moderate degree of congestion is present in
capillaries in the dermis immediately adjacent to the epidermis
and also is present in vessels deep in the dermis. Minimal
evidence of leukocytic infiltration is evident in the dermis
adjaceant to the burn site.

Section R3

This burn site is characterized by the presence of intact
epidermis and dermis at the perimeter of the sections with
extensive coagulative necrosis of the epidermis extending into
the underlying papillary portion of the dermis for a short
distance throughout the remaining portion of the section.
Extensive artifactuval distortion is present in half of the
section which precludes a critical evaluation of this tissue.
Extensive areas of separation of epidermis from dermis are
present thruughout the section, however, many of these areas~ "~
appear to be artifacts of sectioning. Numerous small focal
areas of separation of epidermis from dermis with an infiltra-
tion of proteinaceous fluid are present, and a few small focal
areas of separation between layers of cells in the epidermis
proper with an infiltration of proteinaceous fluid into the
space formed are also present. Dermal vessels immediately
adjacent to the epidermis are congested throughout a major
portion of the section and small perivascular aggregates of
leukocytes' are present around some of these vessels in a
portion of the section. A moderate degree of congestion is
also evident in vessels deep in the dermis.
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Section R4

This burn site is characterized by the presence of intact
epidermis and dermis at the perimeter of the section with
extensive diffuse coagulative necrosis of the epidermis
throughout the remainder of the section. Mild focal areas
of coagulative necrosis are evident in the papillary portion
of the dermis that is most evident near the central portion
of the section. Multiple small focal areas of separation of
epidermis from dermis are present throughout the portions of
the section where necrosis has occurred, and some of these
separations contain accumulations of proteinaceous fluid,
occasionally a few red blood cells, and a few leukocytes. The
dermal vessels in the papillary portion of the dermis are
congested and mild perivascular leukocytic infiltrates are
present in a few small foci. A few small foci of separation of
epidermal cells with accumulations of proteinaceous fluid in
the spaces formed are also present.

’

Section RS

This burn site is characterized by'the presence of intact
epidermis and dermis at the peripheral ends of the section
with extensive diffuse coagulative necrosis that extends
through the epidermis into the underlying papillary portion of
the dermis for a short distance. A moderate degree of conges-
tion is present in the dermal vessels adjacent to the necrotic
tissue and numerous small foci of separation of epidermis from
dermis with accumulations of proteinaceous fluid or red blood
cells in the area of separation are present throughout the
section. Some areas of separation of epidermis from dermis are
thought to be artifacts of sectioning. A small foo2l area of
polymorphonuclear cell infiltration adjacent to the area of
necrosis is present at the perlmeter of the necrotlc zone at
one end of the section-

-

fVeterxnary Pathologist
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APPENDIX XII

MICROBIOLOGY REPORT ON "WIPE ON' DRESSING STUDY (11/10/81) PERFORMED ON PIC #335

IO

e

Site Treatment Number of Colonies!

11 Unburned, uncovered 1.77 x 105

Rl Unburned, covered2 1.11 x 106

L2 Burned3, covered 1.92 x 105

R3 Burned, covered 1.46 x 10%

L4 Burned, covered 3.85 x 10*

RS Burned, covered <2 x 102 (téken for statistical

analysis as 2 x 102)
_A.verage4 = 6.13 x 1o%

R2 Burned, uncovered 1.26 x 0%

L3 Burned, uncovered 1.60 x 10%

R4 Burned,:uncovered -+ 4.55 x 103

L5 Burned, uncovered 1.00 x 103

lﬂumber of colonies reported is the average of the results of two replicate plates
counted 48 hours after plating. The cultures were taken by superficial swabbing

Average4 = 8.54 x 103

of each site 48 hours after burning.

2

3

4

Covered with "wipe on" burn dressing TS 1181-1.
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Burned with a 75° branding iron for a duration of 95 seconds.

Statistical analysis by t statistic for two means, null hypothesis (HO:u covered -u
uncovered =0) is substantiated at the 0.05 level of significance.




APPENDIX XIII

"WIPE ON" BURN COVERING STUDY: EVAPOROMETER DATA (PIG #335; NOVEMBER 11, 1981)

Time Site Treatment Cumulative Rate of Evaporation (glgmzseciz
4 hrs.1 L1 Unburned, uncovered 1.27 x 107°
R1 Unburned, covered 1.90 x 10°®
L2 Burned, covered 6.36 x 1077
R2 Burned, uncovered 6.36 x 107/
L3 Burned, uncovered 6.36 x 10'_7
R3 Burned, covered 0.00
L4 Burned, covered 0.00
R4 Burned, uncovered 0.00
L5 Burned, uncovered 0.00
R5 Burned, covered 0.00
24 hrs.1 L1 Unburned, uncovered 2.01 x 10-'6
Rl Unburned, covered 4.47 x 10“G
L2 Burned, covered 4.45 x 107°
R2 Burned, uncovered 1.91 x 10_6
L3 Burned, uncovered 4.45 x 10”8
R3 Burned, covered . 6.36 x 10”7
L4 Burned, covered 0.00
R4 Burned, uncovered 0.00
LS Burned, uncovered ‘ 0.00
R5 Burned, covered 0.00 v
48 hrs.? 11 Unburned, uncovered ' 8.45 x 107° ~
R1 Unburned, covered 4.24 x 10”7
L2 Burned, covered 2.00 x 10"9
R2 Burned, uncovered 2.12 x 1077
13 Burned, uncovered 2.32 x 107°
R3 Burned, covered 0.00
L4 . Burned, covered : 0.00
R4 Burned, uncovered 2.12 x 1077
LS Burned, uncovered 4,24 x J.O'.7
RS ‘Burned, covered 0.00
1Readings taken over a 60 second period at 10 second intervals
2Readings taken over a 180 second period at 10 second intervals q
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PILOT STUDY FOR EVALUATION OF SYNTHETIC POLYMER "WIPE ON" BURN COVERING
IN MINIATURE PIGS FOR DYNATECH R/D COMPANY, CAMBRIDGE, MA
(DP-1/PCL)

Supplement I to Final Report, Dated December 14, 1981

E. M. Essigmann, Ph.D.

December 24, 1981

Toxicol-Sisa, Inc.
763D Concord Avenue
Cambridge, MA 02138

Ms. Connie West
99 Erie Street
Cambridge, MA 02139

Tel. 617/491-2496
Tlx. 951585 TOXSIS CAM
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EVALUATION OF SELECTED SPECTIAL STAINS

The appearance of the H & E sections of the pig skin biopsy specimens indicated
that there might be more damage to the dermis than could be appreciated with
standard staining techniques. It was decided to re-evaluate sections from several
of the biopsies after staining with special stains designed to differentiate
connective tissue fibers and muscle tissue.

Methods and Materials

Three of the pig skin biopsy samples which were described in the Final Report
dated 12/14/81 (RS from Burn Generation Study, Trial II and L5 and RS from the
"Wipe On" Burn Dressing Study) were recut and stained with three special stains:
Van Gieson's Collagen Stain, Masson's Trichome Method, and Mallory's Phopho-
tungstic Acid Hematoxylin Method. They were evaluated at the microscopic level by
Dr. James C. Murphy, D.V.M., Ph.D., of M.I.T., Department of Comparative Animal
Medicine.

Results & Conclusions

The pathology report is presented in Appendix I.

The results indicate that none of the special stains were able to provide any
additional information with regard to the severity of tissue damage to the dermis.

Submission of Supplement I

Submitted by: §Z¢SL511~\, (\$\_{:J)4L)Vs(yv~u-,__f
Ellen M. Essigmann, Ph.D.\D
Study Director
Department of Toxicology

Reviewed by:

Department Head
Department of Toxicology
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APPENDIX I

TOXICOL-SISA

Pig Burn Study
Evluation of Selected Special Stains

(Stains tested - Van Gieson's Collagen Stain; Masson's Trichome Method;
Mallory's Phophotungstic Acid Hematoxylin Method)

None of the 3 stains tested provided any more definitive information
related to the depth of tissue damage in the dermis of the skin, from
pigs receiving skin surface burns under experimental conditions, than
could not be discerned from standard hematoxylin and eosin stained
sections from the same areas.

James C. Murphy, DVM, PhD
Veterinary Pathologist

JCM/bp
12/16/81
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POLYMER "WIPE ON'" BURN COVERING IN THE MINIATURE
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Final Report
By
Ellen M. Essigmann, Ph.D.
April, 1982
Connie West Toxicol-Sisa Inc.
Dynatech Research & Development Co. 763D Concord Avenue
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Cambridge, MA 02139 Tel.: 617/491-2496
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Main Study for Evaluation of Synthetic
Polymer “Wipe On" Burn Covering in the Miniature Pig

TEST MATERIAL: Poly-E-Caprolactone (#26341) in triethylcitrate,
methylene chloride and methylacetate

TOXICOL-SISA REF. NO.: TS 1181-1

PROJECT: DP-2/PCL

SUMMARY

A main study was performed for the purpose of evaluating a "wipe on"
burn covering in terms of its effect on transepidermal evaporation,
microbial activity and healing in thermal burns produced in a miniature
pig. The study consisted of a one pig experiment with 5 uncovered and
5 covered burn sites.

Microscopic evaluation of skin biopsies removed 48 hours after
treatment did not reveal any effect of the synthetic dressing on

the severity of the wound. There was significantly less microbial
activity on the surface of covered burn sites relative to that of un-
covered sites (P = 0.01). Application of the wound dressing caused a
significant (P = 0.01) decrease in the cumulative rate of evaporation
from burned sites, as determined at 48 hours post treatment.
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MAIN STUDY FOR EVALUATION OF SYNTHETIC
POLYMER "WIPE ON" BURN COVERING IN THE MINIATURE PIG

TEST MATERIAL: Poly~e-caprolactone (#26341) in triethylcitrate,
methylane chloride and methylacetate

TOXICOL-SISA REF. NO.: TS 1181-1

PROJECT: DP-2/PCL

STUDY OBJECTIVES

To evaluate, over a 48 hour period, a "wipe on” burn covering in
terms of its effect on transepidermal evaporation, microbial
activity and healing in thermal burns produced in a miniature pig.

Test Material N

A clear, pale amber fluid in a clear glass, screw-capped jar labelled
Dynatech #011280-1 was received from Dynatech R/D Co. on November 5,
1981. A small amount of the polymer appeared to have settled to the
bottom of the jar. Approximately 300 ml of material was provided, along
with two 1" wide natural bristle brushes to use in wiping on the dress-
ing. The sample was designated TS 1181-1.

The test material was reported by Dynatech to consist of 40g of Poly-
E-Caprolactone (#26341) dissolved in a mixture of triethylcitrate,
methylacetate and methylene chloride (Appendix I).

Purity Analysis

No analyses of the sample material were performed by Toxicol-Sisa.
Animals

A female miniature pig of the Pitman-Moore strain, aged 14 months
and weighing 29 kg was supplied by Vita Vet Laboratories, Inc.,
Marion, Indiana. The acclimation period was 6 days, during which
time the pig was subjected to an examination for clinical signs of
disease. The animal was housed in a stainless steel dog metabolism
cage under controlled temperature and humidity conditions. The pig
was identified by ear tag and cage card. Approximately 500 grams
of chow (Respond 2000 dog food, Agway, Inc. Syracuse, NY), mixed
with water, was provided twice daily. Water (approximately two
liters) was provided three times a day. The pig was weighed on
arrival and on the day it was placed on study. The pig weighed

29 kg at the initiation of the study.
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Materials

Pig Sling

e

A pig sling custom made by Bailey's Sportswear Inc.,
Boston, MA was constructed of heavy canvas with nylon
lined leg holes and 1 1/2" wide heavy nylon straps with
toothed buckles. The dimensions are given in the diagram
below. The sling was attached to an angle iron frame
using nylon rope threaded through a series of grommets
set into the sling. The frame measured 18" wide, 59"
long and 42" high.

27“
14"
— Neck Strap
37"
——
4 . 5"
Rump Strap
7"
l"

Evaporometer

‘ A hygrometer (Hygrodynamics, Silver Spring, MD) fitted
with a green humidity sensing probe (#733622) set within

a plastic housing with a 25.81 cm? (2 x 2") opening and

a volume of 0.213 liters was provided by Dymatech R/D, Inc.

Branding Irons

! Three stainless steel branding irons with removable wooden
handles were provided by Dynatech R/D, Inc. The dimensions

, of each iron were 2" high by 2" wide by 2" deep. Each irom

| weighed approximately 3 kg. Prior to use, the irons were
heated to 75°C in a hot oil bath and then wiped free of oil.
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0il Baths

Glass crystallization dishes containing Molykote silicone
fluid (Dow Corning Corp., Midland, MI) and electrically
heated using a 10 foot coil of 1.02 OHMS/foot wire con-
nected to an autotransformer (Powerstat, Superior Electric
Co., Bristol, CT).

Anesthesia

Xylazine
Ketamine hydrochloride
\ Acepromazine

Study Design

This study was performed using Pig #411, which weighed 29 kg at
the initiation of the study.

The day before burning, the pig's back was shaved with electric
clippers, treated with dipilatory cream, rinsed and dried. The
skin on the pig's back was then marked with indelible ink into
12 sites approximately 2 x 2" square (Diagram I).

) The pig was fasted overnight, weighed and then injected I.M.
with a mixture of Ketamine (8 mg/lb. bodywt.) and Xylazine
(4 mg/1b. bodywt.). The pig was then transferred to the
sling and 1its rate of respiration and response to pain sti-
muli (jabbing of the soft tissue of the snout with a hypo-
dermic needle) were monitored.

The marked skin sites on the pig's back were then treated as
outlined in Diagram I: either left completely untreated (site
Rl), treated by covering with burn dressing (site Ll1); treated
by burning with an iron heated to 75°C for 95 seconds (sites
L2, R3, L4, RS, L6) or treated by burning followed by applica-

’ tion of "wipe-on" dressing (sites R2, L3, R4, L5, R6). A de-.
tailed description of the method of burning and application of
"wipe~on" dressing used in this study was reported in the final
report for the pilot study DP-1/PCL ("Wipe On" Wound Dressing
Study, p. 15).

» The sites were described at 10 minutes after burning. A de~
scription at 48 hours after burning was not performed due to
difficulty with removal of the dressing. Evaporometer readings
were taken on all sites at approximately 4, 24 and 48 hours
after burning. The method used was described in the Final
Report for Study DP-1/PCL ("Wipe-On" Dressing Study) except

4 that all readings were taken over a 2 minute period and the
pig was kept lightly anesthetized with a mixture of ketamine/
xylazine during each of the reading periods.
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Diagram #1

Burn Diagram for "Wipe On" Dressing Study Performed on Pig #411

Using TS 1181-1

left

flank
caudal

Site

1

2

3

4

5

6

1

2

3

4

5

6

(2/16/82)

5=

cranial

)

o[+ ]~

Treatment

unburned, covered*
burned,** uncovered
burned, covered
burned, uncovered
burned, covered
burned, uncovered

unburned, uncovered
burned, covered
burned, uncovered
burned, covered
burned, uncovered
burned, covered

* covered: TS 1181-1 applied with 1" natural bristle brush
** burned: 75°C iron for 95 seconds
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A portion of the "wipe on" dressing was removed from each
covered site using sterile forceps. All sites were cultured
using sterile cotton swabs dipped in Tryp-Soy Broth (Scott
Laboratories, Fiskeville, RI). The method of culturing con-~
sisted of rolling two swabs separately over an area approxi-
mately 1 cm? in size on each site and then placing the swabs

in approximately 1 ml of broth. The tubes were maintained

at approximately 15°C during transportation to the microbiology
lab at M.I.T. Six dilutions were prepared form each sampie

(10 -1, 10 -2, 10 -3, 10 -4, 10 -5 and 10 -6), Each dilution
was plated onto 2 tryptic soy agar plates. Plates with between
30 and 300 colonies were counted; the average count from two
plates was taken as the culture result.

Biopsy samples were taken from each site as described in the
DP-1/PCL study Final Report ("Wipe On" Dressing Study) with
the exception that each blopsy sample was approximately 2"
long and included 1" of unburned adjacent skin and 1" of
burned skin.

The pig was maintained within the sling for approximately

48 hours after burning. Durlng this time, the pig was

offered its usual diet of chow and water twice daily. An
exception to this procedure was that the pig was returned

to its cage for a 5 hour period on day 2 of the study (2/17/82)
and allowed free access to food and water.

RESULTS AND CONCLUSIONS

General

After shaving and treating the pig's back with depilatory cream, the skin
was rinsed and patted dry with paper towels. Unlike the DP-1/PCL
study for the evaluation of the "Wipe On" dressing, the pig's back
was not scrubbed with a nylon scrubbing pad. In the previous study,
it had been observed that the dried wound cover frequently lifted
away from the underlying skin which had been scrubbed to remove

dead skin. It was felt that, for the present study, better ad-
herence of the wound cover to the skin could be achieved by
eliminating this scrubbing procedure. The wound cover adhered
tightly to the underlying burned and unburned skin. There was

no lifting up of the dried PCL film during the 48 hour observation
period. This tight adherence prevented the removal of all but

a small (at least 1 cm2) portion of the film from each of the covered
skin sites.

Approxiﬁately 24 hours after burning, the pig refused both food and

water. It was transferred from the sling back into its cage for a
5 hour period. During this time it ate and drank its usual ration.
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Clinical and Histopathological Data

At 10 minutes after burning, all burn sites were reported to have
a uniformly whitened appearance compared to adjacent normal skin.
No evaluation was made at 48 hours due to the difficulty en-
countered in removing the wound cover from the surface of the
covered burn sites.

The histopathology report is presented in Appendix II. A summary of 1
the report is in Appendix ITI. All of the burn sites were either 2°

or 2° bordering on 3° in severity, indicating full thickness necrosis
of the epidermis coupled with superficial to partial necrosis of the
underlying dermis. There was no apparent relationship between the
presence of the wound dressing and the severity of the wound as
determined by histopathological evaluation. There were equal numbers
of sites rated 2° and 2°/3° within both the burned, covered and burned,
uncovered treatment groups.

f
+
y
'
+

Microbial Assay Results

i
The results of the microbial assay are presented in Appendix V. The
average number of colonies cultured from uncovered burn sites was
2.94 x 105 (S.E. = 2.62 x 105) versus 4.18 x 102 (S.E, = 1.2 x 102)
for covered burn sites. The averages suggest an approximately 700
fold higher microbial activity present in the uncovered site compared 3

to the covered sites. Microbial activity appears to be treatment re-
lated, with a level of significance equal to 0.0l (Mann-Whitney Rank
Test). There was insufficient data (one value per treatment group)

to statistically evaluate the effect of the dressing on unburned skin.

Evaporometer Data

The evaporometer data is presented in Appendices VI (individual site
values according to treatment group and time) and VII (average values
according to treatment group and time). At each time interval (4,

24 and 48 hours), the cumulative rate of evaporation for the uncovered
sites was approximately twice that calculated for the covered sites.
At the 4 hour and 24 hour time intervals, the difference between
covered and uncovered was not significant (P = 0.05), as determined
using the 'paired + - statistic”. There was a significant treatment
related effect demonstrated at the 48 hour assessment period. The
avecage cumulative rate of evaporation for the uncovered sites was
significantly different (P = 0.01) from that of the covered sites
(1.88 x 105 versus 9.78 x 10~6g/cm? sec.).
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Study Director
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Reviewed by:
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_ APPENDIX I
FORMULATION OF "WIPE ON" DRESSING DESIGNATED TS 1181—11
#26341 Poly-E-Caprolectrone : - 40g
Tri Ethyl Citrate (Pfaltz & Bauer) 5.8 m1
‘Methylene Chloride (Howe & Fremch) - 60 ml

Methyl Acetate (Matheson Coleman & Bell) 240 ml

lPrepared by Ms. Connie West, Dynatech R/D as Dynatech #011280-1
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APPENDIX II
HISTOPATHOLOGY REPORT

Study DP2/PCL~Pigskin

Pig $#411

Accession #R1

Histopathologic Findings:

This section is characterized by the presence of intact dermis

and epidermis with the exception of a small area where it appears
there is a sectioning artifact and the epidermis has been removed.
Small accumulations of keratin, necrotic cell debris and pro-
teinaceous material are present on the surface of this skin. All
of the sections appear to be slightly overstained and there are
stain precipitous especially evident in the area of the panniculus
adiposus. Mild congestion, lymphocytic infiltration with separa-
tion of tissues suggestive of mild edema are present in dermal
papilla.

Accession #R2 (1 & 2)

Histopathologic Findings:

This section of skin is characterized by the presence of intact
dermis and epidermis at one extreme of the section with accumula-
tions of proteinaceous material, keratin and necrotic cell debris
on the surface of the intact epidermis with similar but more
extensive accumulations over the areas of epidermis that have
undergone necrosis. Approximately two-thirds of the section is
characterized by diffuse necrosis of the epidermis with the necrosis
extending through and slightly beyond the papillary portion of the
dermis. A moderate degree of congestion is present in the dermis
and involves vessels half-way through the thickness of the dermis.
There is minimal to no evidence of leukocytic infiltration of the
necrotic areas. A moderate degree of focal hemorrhage is present
around hair follicles and adnexal glands in portions of the section

where the necrosis is most extensive.
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Accession #R3 (1 & 2)

Histopathologic Findings:

This section is characterized by intact dermis and epidermis
that extends for approximately one-half of the section. There
is some mild accumulation of necrotic cell debris and keratin
over a portion of the intact epidermis. A moderatz degree of
necrosis is present throughout the remainder of the section
that extends through the epidermis and partially into the dermis. ,
The depth of extension of necrosis is similar to that observed f
in the previous section. A moderate degree of congestion is 1
present in vessels throughout the zone of necrosis, but most !
of the congested vessels are limited to the proximal one-half ﬂ
of the dermis. A focal area of hemorrhage with some early
necrotic changes ar« evident around the base of one hair follicle.
A slight to moderate degree of polymorphonuclear cell infiltration

I

is present in the necrotic portion of the dermis, especially in

the dermal papilla.

Accession #R4 (1 & 2)

Histopathologic Findings:

This seciton is characterized by the presence of intact dermis
and epidermis extending for approximately one-third of the section.
Small accumulations of keratin, proteinaceous material and
necrotic cell debris are focally present on the surface of the
intact epidermis. Extensive necrosis is evident in the epidermis
and it extends through approximately one-quarter the thickness of
the dermis through the reaminder of the section. Accumulations of 4
keratin, proteinaceous material and necrotic cell debris are also
focally present on the surface. A slight to moderate degree of
congestion is present in vessels throughout at least half of the
thickness of the dermis in most areas and occasionally involves
vessels that are even deeper in other areas. Focal hemorrhage is
evident around the base of a few hair follicles and adnexal glands.
Changes suggestive of fibrinoid necrosis are evident in the
walls of two or three vessels that are located deep in the dermis,
and these vessels are surrounded by a slight to moderate
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Accession #R4 (1 & 2) Continued:

polymorphonuclear cell infiltrate. Minimal evidence of leukocytic
infiltration is present in the necrotic portion of the dermis and
epidermis.

Accession #R5 (1 & 2)

Histopathologic Findings:

This section is characterized by the presence of intact dermis

and epidermis extending through approximately one-third of the
section. The remaining two-thirds of the section are characterized
by the presence of necrosis which extends through the epidermis and
involves the dermal papilla. In a few small areas the necrosis
appears to extend even further but the majority of the section

is limited to necrosis of the dermal papilla. In multiple foci
there is evidence of separation of the epidermis from the dermis
with accumulations of proteinaceous fluid in the clefts that are
formed. A slight degree of congestion is present throughout the
entire thickness of the dermis and there are focal areas of
hemorrhage surrounding some hair follicles. There is evidence

of fibrinoid necrosis affecting the walls of several vessels and
there are accumulations of polymorphonuclear leukocytes, both
within and surrounding several vessels. There is minimal to no
evidence of leukocytic infiltration of the necrotic portions of

the dermis.

Accession #R6 (1 & 2)

Histopathologic Findings:

This section is characterized by the presence of intact epidermis
and dermis throughout approximately one-third of the section. There
are sectioning artifacts in the remainder of the section which have
resulted in fragmentation and sometimes removal of portions of the
epidermis and dermis. Extensive necrosis which extends through the
epidermis and approximately one-third of the way through the dermis
is present throughout the remainder of the section. Multiple large
open vesicular spaces have formed within the epidermis proper but
their contents have apparently washed out during processing of the
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Accession #R6 (1 & 2) Continued:

; tissues. A slight to moderate degree of congestion is present
throughout vessels of the dermis in the affected portions with

E focal areas of hemorrhage surrounding a few hair follicles and

adnexal glands. Focal areas of fibrinoid necrosis of vessels and

perivascular cuffing of polymorphonuclear leukocytes is also

evident in the dermis. There is minimal to no evidence of leukocy-

tic infiltration of the necrotic portions of the dermis and epidermis.

Accession $L1 (1 & 2)

Histopathologic Findings:

This section is characterized by the presence of intact epidermis
and dermis throughout the entire length of the section with the
exception of a small area where the epidermis is absent, but this
appears to be a sectioning artifact. Small accumulations of keratin,
recrotic cell debris and some proteinaceous materials are focally
present on the surface of the section. The papillary portions of
the dermis appear mildly edematous with a mild lymphocytic infil-

! tration in these areas. There is no evidence of congestion of the
dermal vasculature.

» Accession #L2 (1 & 2)

Histopathologic Findings:

This section is characterized by the presence of intact epidermis

and dermis that extends approximately one-guarter of the length
of thr2 section, The remaining portion of the section is

characterized by the presence of necrosis extending through the
epidermis and papillary portion of the dermis with focal extension
beyond the papillary level. A slight to moderate degree of con-
gestion is present in vessels throughout the full thickness of the
dermis, and there are focal areas of hemorrhage associated with
hair follicles and adnexal glands. There also appears to be early
separation of the epidermis from the dermis and many of these areas
contain proteinaceous fluid. In some necrotic portions of the

: epidermis there are large accumulations of what appear to be

coccoid bacteria.
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Accession #L3 (1 & 2)

Histopathologic Findiags:

This section is characterized by the presence of intact epidermis
and dermis through siightly less than a quarter of the section.
There are small accumulations of keratin and necrotic cell debris
on the surface of this portion of the section. The remaining
portion of the section is characterized by the presence of necrosis
which extends through the epidermis and slightly beyond the papil-
lary portion of the dermis. Multiple areas of separation exist
between the epidermis and dermis and most of these clefts are
filled with proteinaceous fluid. A moderate degree of congestion
is evident in vessels extending approximately half-way through the
thickness of the dermis. Focal areas of hemorrhage are present
associated with hair follicles and adnexal glands. There is
evidence of fibrinoid necrosis of the walls of a few vessels

with mild polymorphonuclear cell infiltration of the necrotic areas.

Accession #L4 (1 & 2)

Histopathologic Findings:

This section is characterized by a portion of intact epidermis and
dermis at one extreme end of the section. The remaining 95% of
the section is characterized by diffuse necrosis of the epidermis
extending for a short distance into the underlying dermis. A
moderate degree of congestion is present in dermal vessels in the
proximal one-half of the dermis. Large portions of the epidermis
have ;eparated from the underlying dermis and there is extensive
accumulations of proteinaceous fluid and a few polymorphonuclear
leukocytes in these areas of separation. Focal areas of hemorrhage
and early necrosis are evident at the base of a few hair follicles.

Accession #LS5 (1 & 2j

Histopathologic Findings:

This section of skin is characterized by the presence of intact
epidermis and dermis that extends approximately a quarter of the
section. The remaining portion of the section is characterized by
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Accession #L5 (1 & 2) Continued:

the presence of necrosis of the epidermis with focal areas of
extension of necrosis into the underlying papillary layer of

the dermis. Multiple areas of vesicle formation filled with

proteinaceous fluid are present at the area of junction of the
dermis and epidermis throughout the section. There is evidence

of congestion of vessels throughout the full thickness of the dermis
and there is evidence of fihrinoid necrosis in the walls of a few
vessels with mild polymorphonuclear perivascular infiltration.

Focal areas of hemorrhage are also present associated with hair
follicles and adnexal glands.

Accession #L6 (1 & 2)

Histopathologic Findings:

This section is characterized by the presence of intact epidermis
and dermis throughout approximately one quarter of the section
with focal accumulations of keratin, necrotic cell debris and
proteinaceous material on the surface in this area. The remainder
L of the section is characterized by the presence of diffuse necrosis
affecting the epidermis with extension into the papillary portions
' of the dermis, and focally extending more deeply into the under-
lying dermis. Accumulations of keratin, necrotic cell debris
and proteinaceous material are focally present on *the surface of
the necrotic portions. A moderate degree of congestion is present
; in dermal vessels throughout the full thickness of the dermis
with mild focal hemorrhage associated with the base a few hair
follicles and adnexal glands. There is minimal evidence of
leukocytic infiltration of the dermis or epidermis, but there
are multiple areas of separation of the epidermis from the dermis
with accumulations of proteinaceous fluid in these clefts.
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Summary and Conclusion

Using the following grading system:*

0 - No necrosis
1 - Epidermal necrosis
2 - Epidermis and papillary layer of dermis
3 - Epidermis with extension slightly beyond papillary level
4 - Epidermis and half-way through the dermis
Slide Grade Slide Grade
R1 0 Ll 0
R 2 2 L2 2
R 3 3 L3 2
R 4 3 L4 3
R5 2 LS 2
R 6 3 L6 2

*

Note: This grading system was modified in order to be consistent with the
system used for DP-1/PCL report; a copy of the grading system used for
DP-2/PCL is presented in Appendix IV.
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APPENDIX III

Grading of Burns Produced in Pig #411 in "Wipe On" Dressing Study
Performed 2/16 through 2/18/821

Site Treatment Burn Grade
L1 unburned, covered ‘ 0
R1 unburned, uncovered 0
L2 burned, uncovered 2°
R 3 burned, uncovered 2°/3°
L4 burned, uncovered 2°/3°
RS5 burned, uncovered 2°
L6 burned, uncovered 2°
R 2 burned, covered 2°
L3 burned, covered 2°
R 4 burned, covered 2°/3°
L5 burned, covered 2° .
R 6 burned. covered 2°/3°
1

See Appendix IV for explanation of grading system.
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APPENDIX 1V

GRADING SYSTEM FOR THE HISTOPATHOLOGICAL EVALUATION OF THERMAL BURNS IN THE SKIN

Grade

10

1°/2°2

20

2°/3°3

30

OF MINIATURE PIGsl

Description

Normal skin

a)
b)
a)
b)
c)
d)

a)
b)
c)
d)
e)

a)
b)
c)
d)
e)
£)

a)
b)
c)
d)

Partial or complete necrosis of the epidermis
Congestion of the superficial dermal vessels

Same as above |
Same as above

Separation of the epidermis from the dermis

Exudation of leukocytes and proteinaceous fluid into area of
separation

Same as above : \

te

Same as above
Same as above
Same as above

Necrosis of the dermis at the junction of the dermis and
epidermis (papillary region)

Same as above v -
Same as above

Same as above

Same as above

Same as above

Dermal necrosis that extends beyond the papillary region
but involves less than the full thickness of the dermal layer

Same as above
Same as above
Same as above

Same as above
182




R e T o

Page 2 of 2

e) Same as above

£) Full thickness dermal necrosis

1Based on a modification of the burn classification systems discussed by Rudowski
(Burn _Therapy and Research, John Hopkins Union Press, Baltimore, 1976).

21°/2° indicates a burn which is 1° bordering on 2° in severity.

32°l3° indicates a burn which is 2° bordering on 3° in severity.
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APPENDIX V

Microbiology Report on "Wipe On" Dressing Study Performed on Pig #411
(2/16 to 2/18/82)

|
; Site Treatment Number of Colonies! Average"
i Ll Unburned, Covered?® 2.30 x 102 -
| R1 Unburned, Uncovered 9.20 x 103 -
é L2 Burned3, Uncovered 1.19 x 10% 2.94 x 105 (2.62 x 10%)°
k R3 Burned, Uncovered 8.20 x 103 5
‘ L4 Burned, Uncovered 1.12 x 10° |
RS Burned, Uncovered 1.34 x 106
L6 Burned, Uncovered 2.09 x 103 1
R2 Burned, Covered 5.60 x 102 4.18 x 102 (1.2 x 102)3
L3 Burned, Covered 5.0 x 101
Ry Burned, Covered 8.2 x 102
i L5 Burned, Covered 0
R6 Burned, Covered 3.1 x 102 .
J
INumber of colonies reported is the average of the results of 2 replicate plates
counted 48 hours after plating.

2covered with "wipe on" burn dressing TS 1181-1.
3Burned with a 75° branding iron for a duration of 95 seconds.
“X (tS.E.) = Mean * Standard Error

5Significantly different (P = 0.01) 3
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APPENDIX VI

Indivi 1 Cumulative Rates of Evaporation By Treatment and Time

Time Site

Treatment

4 hours L1°

R1

L2'
R3

L4

L6

R2
L3
R4
LS

R6

24 hours L1

R1

L2
R3

L4

L6

1]
Mechanical abrasion present on lesion surface; lesion produced when pilg was placed

Unburned, Covered

Unburned, Uncovered

Burned, Uncovered
Burned, Uncovered
Burned, Uncovered
Burned, Uncovered

Burned, Uncovered

Burned, Covered
Burned, Covered
Burned, Covered
Burned, Covered

Burned, Covered

Unburned, Covered

Unburned, Uncovered

Burped, Uncovered
Burned, Uncovered
Burned, Uncovered
Burned, Uncovered

Burned, Uncovered

in sling prior to burning.

Cumulative Rate of Evaporationjg/cm2 sec)

e e T

1.06

5.72

1.53
7.00
6.36
1.27

6.36

1.91
8.91
1.27
6.36

1.91

2.04
1.72
1.46
3.82

1.91

185

X

X

X

X

X

b4

X

X

X

X

1075

10-6

10-5
106
106
10-6

10~7

1076
10-6
10-6

10-7

10-6

1075

10-5

x 1035

X

10-6

x 106
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APPENDIX VI

Individual Cumulative Rates of Evaporation by Treatment and Time

48 hours L1
R1

L2
R3
L4
R5
L6

R2
L3
R4
L5
R6

Time Site Treatment Cumulative Rate of Evaporatioq_igjcmz sec)
24 hours R2 Burned, Covered 8.27 x 1076
(cont.) L3 Burned, Covered 1.27 x 1072

R4 Burned, Covered 7.00 x 1076

L5 Burned, Covered 2.54 x 1076

Ré Burned, Covered 0

Unburned, Covered

Unburned, Uncovered 3.82 x 1076
Burned, Uncovered 2.42 x 1077
Burned, Uncovered 2.48 x 1072
Burned, Uncovered 2,29 x 1073
Burned, Uncovered 1.21 x 1072
Burned, Uncovered 1.02 x 1073
Burned, Covered 1.14 x 1073
Burned, Covered 1.65 x 1072
Burned, Covered 1.08 x 1072
Burned, Covered 8.27 x 1076
Burned, Covered 1.91 x 1076
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Average Cumulative Rate of Evaporation By Treatment and Time

Time Treatment Average Cumulative Rate of Evaporation (g/cm2 sec)
4 hours Burned, Uncovered 6.11 x 1076 (2.63 x 1076)1
Burned, Covered 2.54 x 1076 (1.62 x 1079)
24 hours Burned, Uncovered 1.16 x 10°3 (3.38 x 10-6)
Burned, Covered 6.10 x 1076 (2.22 x 10-6)
48 hours Burned, Uncovered 1.88 x 1077 (3.16 x 10~6)2
Burned, Covered 9.78 x 1076 (2.37 x 10-6)2
1

Average (standard error), n = 5 for each group

ZSignificantly different at the 0.01 level of significance

187




10,

11.

12.

13.

14.

Section 11
REFERENCES FOR SECTIONS 1 - 7

Neumann, P. M., B. Zur, and Y. Ehrenreich. 198l. Gelatin based
sprayable foam as a skin substitute. Journal Biomedical Materials

Research 15: 9-18.

Yannas, I. V. and J. F. Burke. 1980. Design of an artificial skin. I.
Basic design principles. Journal Biomedical Materials Research

1l4: 65-8l.

Yannas, I. V., J. F. Burke, P. L. Gordon, C. Huang, and R. H. Rubenstein.
1980. Design of an artificial skin. II. Control of chemical com-
position. Journal Biomedical Materials Research l4: 107-131.

Dagalakis, N., J. Flink, P. Stasikelis, J. F. Burke, and 1.V. Yannas.
1980. Design of an artifical skin. III. Control of Pore Structure.
Journal Biomedical Materials Research 14: 511-528.

Langer, R. and J. Folkman. 1976. Polymers for the sustained release
of proteins and other macromolecules. Nature 263, No. 831, 797-799.

Silver, F. H., 1. V. lannas, and E. W. Salzman. 1979. In-vitro blood
compatibility of glycosaminoglycan-precipitated collagens. Journal
Biomedical Materials Research 13: 701~716.

Yannas, I. V., J. F. Burke, M. Umbreit, and P. Stasikelis. 1979.
Progress in design of an artificial skin. Federation Proceedings 38:
A4000,

Levin, M. P., Tsaknis, P. J. and D. E. Cutright, 1979. Healing of the
oral mucosa with the use of collagen artifical skin. J. Peridontology

50(5): 250.

Wang, P. Y. and E. Llewellyn-Thomas. 1978, Adhesion of synthetic or-
ganic polymer to soft tissue. I1I. Effect of some monofunctional com-
pounds. Journal Biomedical Materials Research 12: 831-84l.

Park, G. B. 1978, Burn wound coverings--a review. Biomaterials,
Medical Devices and Artificial Orgams 6(1): 1-3%.

Neumann, P. 1978. Gelatin Foam. U.S. Patent #4,086,331.

Wise, D. L., A. D. Schwope, and K. W. Sell. 1976. PCL Swab-on. U.S.
Patent #3,935,308.

Gregory, J. B. 1980. PCL/plasticizer swab-on. U.S. Patent #4,186,190.
Gregory, J. B., A, D. Schwope, K. W. Sell. 1980. PCL Fabric/film

laminate. U.S. Patent #4,215,686.
e ——

FRECEUIWG EAGE BiaANK~NOT PLLMED | ﬁ

e e s oo i, B

189

s
M




AD=-A117 879

UNCLASSIF 1ED

DYNATECH R/D CO CAMBRIDGE MASS
ASSESSMENT OF WOUND THERAPY SYSTEMS, (U}
MAY 82 § DE RIELs J D GRESSER: C E wEST
DYNATECH=216%

F/G 6/5
NOQO14~8%=C~0U68
NL




15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

25.

26.

27.

28.

Sen e - - L aae . ey e P PUNCH i S Lt IS

Yannas, I. V., J. F. Burke, P, L. Gordon, and C. Huang. 1977.
Multilayer coilagen/plastic synthetic skin. U.S. Patent #4,060,181.

Donoff, R. B, 1978, The effect of diphenylhydantoin on open wound
healing in guinea pigs. J. Surg. Res. 24(1): 41-44,

Zaki, M.A. J. F. Burke, and R. L. Trelstad. 1978. Protective effects
of ATP administration in burns. Arch. Surg. 113(5): 605-610.

Herndon, D, N., D. W, Wilmore, A. D. Mason, and P. W. Curreri. 1979.
Increased rates of wound healing in burned guinea pigs treated with L-
thyroxine. Surg. Forum 30: 95-97.

Migliaresi, C., C. Carfagna and L. Nicolais, 1980. Laminates of
poly(2-hydroxyethyl methacrylate) and polybutadiene as potential burn
covering. Biomaterials lﬂ4): 205-208.

Dressler, D. P., W. K., Barbee, and R. Sprenger. 1980. The effect of
Hydron burn wound dressing on burned rat and rabbit ear wound healing.
J. Trauma 20(12): 1024-1028.

Frank, D. H., T. L. Wachtel, H. A. Frank, and R. Sanders. 198l.
Comparison of Biobrane, porcine and human allograft as biologic
dressings for burn wounds. Surg. Forum 31: 552-553.

Kremer, B., M. Allgower, M. Graf, K. H. Schmidt, J. Schoelmerich, and G.
A. Schoenenberger. 198l1. The present status of research in burn
toxins. Intensive Care Med, 7: 77-81.

May, S. R, 1981, Human skin cryopreservation methodologies.
Cryobiology l1§6): 616-617.

May, S. R. and F. A. DeClement. 1981. Viability of human dermal
autograft and cadaveric dermal allograft after 4°C Storage:
Implications for burn wound grafts. Cryobiology 17(6): 617.

May, S. R. 1981. A metabolic viability assay for skin. Cryobiology
17(6): 617.

Wang, P. Y., D. W. Evans, N. Samji, and E. Llewellyn-Thomas. 1980.
A simple hygrometer for the measurement of evaporative loss from rodent

Bkino Je Surs . ReB . ‘2_8_(2) H 182"7 .

Bjornson, A, B., W. A, Altemeier, and H. S. Bjornson. 1980,
Complement, opsonins, and the immune response to bacterial infection in
burned patients. Ann. Surg. 191(3): 323.

Schoenbach, S. F, and In Chul Song. 1980. Ultrasonic debridement: a
new approach in the treatment of burn wounds., Plast, and Recon. Surg.
66(1): 34-37. '

190




29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Boykin, J. V., E. Eriksson, M. M. Sholley, and R. N. Pittman. 198C.
Histamine-mediated delayed permeability response after scald burn inhi~
bited by Cimetidine or cold-water treatment. Science 209(4458):

815-7.

Curreri, P. W., M. H., Desai, R. H. Bartlett, D. M. Heimbach, P.
Parshley, and D. Trunkey. 1980. Safety and efficacy of a new synthe-
tic burn dressing (Hydron). Arch, Surg. 115(8): 925-927.

Thornton, J. W., M. J. Tavis, and R. H. Bartlett. 1977.
Characterization of the bond between the wound surface and a biologic
dressing [bovine collagen]. Clin. Res, géﬂZ): Al20.

Smahel, J. 1976. Burn wounds——A new experimental model. Chirurgia
Plastica 3: 231-242,

Wood, R. A. B., R. H. P. Williams, and L. E. Hughes. 1977. Foam
elastomer dressing in the management of open granulating wounds:
Experience with 250 patients. Br, J. Surg. 64: 554-557.

Raekallio, J., L. Nieminen and M. Mottomen. 1977. A comparative study
of three sprayed dressings in healing skin wounds. Ann. Chir. et Gyn.
65(5): 318-322,

Franklin, J. D., and J, B. Lynch. 1979. Effects of topical

applications of EGF on wound healing., Plas. and Recon. Su:g;lgﬂﬁ6):
766-770.

Wang, P. Y., and N. Samji. 1980. Characterization of a dextran
hydrogel wound dressing. Abs. Pap. A. C. S§. 179: 98.

Enterline, D. S. and R. E. Salisbury. 1980. An adherence tensiometer
for evaluation of burn dressings. Plas. and Recon. Surg. 65(2):
177-181.

Young, H. L., and M. H. Wheeler. 1980. Preliminary results of a
controlled trial to compare dextranomer beads (Debrisan) and Silastic
foam elastomer dressings in surgical wounds. Br. J. Surg. 67(11): 818.

Arturson, G. 1980. Pathophysiology of the burn wound. Annales Chir.
et Gyn. 69(5): 178-190.

Fleischmajer, R., T. Krieg, R. Timple. and J. S. Perlish. 1980.
Heterogenelty of collagen and fibronectin synthegis by scleroderma
fibroblasts isolated from various skin levels. Clin. Res. 28(2):
A568,

Fox, C. L., S. M. Modak, and W. Stanford. 1979, Silver-treated graft
materials for coverage of infected burn wounds. Ann. Chir. Plast.
24(3):  265-267.

191

e T




e

42,

43.

44,

45,

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

T R VP L A G e e g — e v

Kremer, B., M. Allgower, A.-M. Scheidegger, K. H. Schmidt, J.
Schoelmerich, and G. A. Schoenenberger. 1979. New aspects of the
pathogenic effectiveness of a cutaneous burn toxin and the resulting
theraputic possibilities. Eur. Surg. Res. 11(52): 63.

Koff, I., L. Kaufman, M. Lahav, and I. Schechter. 1978, Wound healing
with two biological dressings: lyophilized and glutaraldehyde-treated
pigskin on 120 ambulatory patients. Eur. Surg. Res. 11(106a): 1l4.

Krueger, W. O., R. H. Jesse, H. Goepfert, J. Herson, M. M. Romsdahl,
and W. Walker. 1978. Wound healing enhancement: fibroblast implan-—
tation to increase breaking strength in normal and irradiated skin.

Surg. Forum 29: 585-587,

Muzykant, L., I., et al. 1977. Inhibitors of trypsin~like proteolytic
enzymes as substances preventing the development of secondary necrosis
in burn wounds. Bull. Exp. Biol. and Med. 84(9): 1257-1261.

Kramer, G. C., C. H. Wells, H. Linares, and J. G. Hilton. 1979. The
microvascular response in theraputically cooled second degree burn
wounds. Fed. Proc. 38(3): 1137(4811).

Hughes, I. E., K. G, Harding, S. J. Leinster. 1979. (Letter advocating
Silastic foam.) Br. Med. J. 2(6197): 1075.

Forrest, R. D. 1979. (Letter advocating Debrisan.) Br. Med. J.
2(6197): 1076.

Watson, J. 1979. (Letter advocating Corethium.) Br., Med. J. 3}6197):
1076.

Knox, P. and P. Wells. 1979. Cell adhesion and proteoglycans. 1.
Effect of exogenous proteoglycans on the attachment of chick embryo
fibroblasts to tissue culture plastic and collagen. J. Cell Sci.
40: 77-88.

Flamment, A. 1979. Debrisan in the treatment of burns. Current
Therapeutic Res. 26(3): 342-345.

Brink, H, L., J. F. Scholtz. 1979. Results of Debrisan treatment in
patients with septic wounds and burns. Current Therapeutic Res.
26(3): 346-349,

1981. Advertisement on Debrisan, among other things. Scientific
American, January pp. advertising inmsert 5~10.

Hell, E. and J. C. Lawrence. 1979. The initiation of epidermal wound
healing in cuts and burns. Br. J. Exp. Path. 60: 171-179.

Ratner, B. D., and A. S. Hoffman. 1979, Polymer Science and
Technologz Series, Vol. 12B. ed. L.~H. Lee, Pleaum, NY, 1980,
comprising the Intl. Conf. on Adhesion and Adsorption of Polymers,

192

S TR L IS o L s




56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

e A R aeS S e g e R - - £ A . - h e

Honolulu, 1979. “Surface Characterization of Hydrophilic-Hydrophobic
Copolymer Model systemg-—I. A Preliminary Study”. pp. 691-706.

Rosen, J. J. and M. B. Schway. op. cit. "Kinetics of cell adhesion to
a hydrophilic~hydrophobic copolymer model system.” pp. 667.

Chvapil, M. 1977. Collagen Sponge: Theory and practice of medical
applications. J. Biomed. Mater. Res. l1: 721-74l.

Schor, A, M., S. L. Schor and S. Kumar., 1979. Growth stimulation of
capillary endothelial cells by tumor angiogenesis factor (TAF). Br. J.
Canc. 40(2): 302.

Schor, A. M., S. L. Schor and S. Kumar. 1979. Importance of a colla-
gen substratum for stimulation of capillary endotherlial cell proli-
feration by tumour angiogenesis factor. Int. J. Canc. 24: 225-234.

Park, G. B., J. M. Courtney, A. McNair, and J. D. S. Gaylor. 1978.
Design and evaluation of a burn wound covering. Engineering in Med.
7: 11—150

Ben-Simchon, C., H. Tsur, G. Keren, Y. Epstein, and Y. Shapiro. 1981,
Heat tolerance in patients with extensive healed burns. Plast. and

Recon. Surg., 67(4): 499-504.

Bell, E. 1981, Development and use of a living skin equivalent. Plas.
and Recon. Surg. 67(3): 386-392.

Kremer, B., M. Allgower, J. Scholmerich, and G. A. Schoenenberger.
“"Burn Toxin."” 1in (workshop on the) Immune Consequences of Thermal
Injury, (lst, Lake Arrowhead, CA, 1970), Baltimore/London, Williams &
Wilkins, 198l1. ed. John Ninneman. pp. 90-118.

James, J. H.,, and A. C., H. Watson. 1975. The use of Opsite, a vapour
permeable dressing, on skin graft donor sites. Br. J. Plast. Surg. 28:
107-110.

Winter, G. D. 1975. Epidermal wound healing under a new polyurethane
form dressing (Lyofoam). Plast. and Recon. Sugg;_22:531-537.

Gourlay, S. J., et al. 1975. Physical characteristics and performance
of synthetic wound dressings. Trans Am. Soc., Artif. and Int. Organs.
21:  28-34.

Clarkson, P., 196l. "Dressings with special reference to the problem of
the primary local care of burns,” in Wound Healing. D. Slome, ed.,
Pergamon Press, NY, Proc. of a symposium 12-13 Nov. 1959 at the Royal
College of Surgeons of England. pp. 77-81.

193




B i et PR o oS PSR

68.

69.

70.

71.

72‘

73.

74,

75.

76.

77.

78.

79.

80.

Schmolka, J. R. 1972, Artificial Skin. I. Preparations and Properties
of Pluronic F-127 gels for treatment of burns. J., Biomed. Mater. Res.
6: 571-582.

Nalbandian, R. M, R, L. Henry, and H., S. Wilks. 1972, Artificial Skin
II: Pluronic F-127 silver nitrate or silver lactate gel in the treat-
ment of thermal burns. op. cit., 583-590.

Bell, E., D. J. Buttle, H. P. Ehriich, and T. Nakatsuji. 1981,
Living tissue formed in vitro and accepted as skin-equivalent tissue of
full thickness. Science 211: 1052-1054.

Lobe, T. E., G. F. Anderson, D, R. King and E. T. Boles. 1980,
An improved method of wound management for pediatric patients. J.

Pediatric Surg. 15(6): 886-889.

Eaton, A. C. 1980. A controlled trial to evaluate and compare a
sutureless skin closure technique (Op-site Skin Closure) with conven-
tional skin suturing and clipping in abdominal surgery. Br, J. Surg.
67: 857-860.

Wolf, D. L., A. Capozzi, and V. R. Pennisi. 1980. Evaluation of biolo-
gical dressings. Annals Plast. Surg. 5(3): 186~190.

Mutschler, W., C. Burri, and E. Piank. 1980. Animal experiments
and clinical experience with the synthetic skin-substitute
polyvinyl-alcohol/formaldehyde (Epigard). Helv. Chir. Acta. 47:
163—166 .

Anonymous. 1°--5-80. Encouragining news on temporary coverings for burn
wounds., JAMA 244: 2493-2494.

Mahnke, V. P. F., E. Rose, and J. Riedeberger. 1980. A temporary
synthetic skin substitute: Syspur-derm®. Comparative histopathologi-
cal examination. Zentralblatt fir Chirurgie 105(3): 145-153.

Gospodarowicz, D. and A. L. Mescher. 1980. Fibroblast growth factor
and the control of vertebrate regeneration and repair. Annals N, Y.
Acad. of Sciences 339: 151-174.

Peters, W. J. 1980. Biological dressings in burns--a review. Ann.
Plast. s‘lrso 1(2): 133_1370

Bertolami, C. N. and R, B. Donoff. 1979. The effect of skin grafting
upon prolyl hydroxylase and hyaluronidase activities in mammalian wound
repair. J . Sul‘g. Res . ﬂ: 359-366 .

Morris, D. M., G. M. Hall, and E. G. Elias. 1979. Porcine heterograft
dressings for aplit-thickness graft donor sites. Surg., Gyn., and
Obstetrics 149: 893-894,

194




B S,

ST Sy 5 S e b

81.

82.

83.

84.

85'

86.

87.

88.

89.

90.

91.

92.

93.

94,

95.

R e i oo — . . —

Bose, B. 1979. Burn wound dressing with human amniotic membrane.
Ann. Royal Coll. of Surgeons of England 61: 444~447.

Moserové. J., and E. Behounkova-Houskova. 1979, Evaporative water
loss in partial skin loss in the first 24 hours., Scand. J. Plast.
Reconstr. Surg. 13: 49-51.

Moserové, J. and E. Behounkova-Houskova. 1979. Temporary skin substi-
tutes and evaporative water loss. op. cit.: 143-145,

|
i
!
i

Gospodarowicz, D, and G. Greenburg. 1979, The effects of epidermal
and fibroblast growth factors on the repair of corneal endothelial
wounds in bovine corneas maintained in organ culture. Exp. Eye Res.
28: 147-157.

Ben-Ezra, D. and 1. Gery. 1979. Stimulation of keratocyte metabolism
by products of lymphoid cells. Inves., Opthalmol. Vis. Sci. 18(3): 317-120.

Teh, B. T. 1976. Why do skin grafts fail? Plast., and Recon. Surg.
63(3): 323-332.

Mangus, D. J. 1978, Bridal veil nylon: the trellis effect in rapid
wound healing. Ann. ""ast. Surg. 1(6): 619-624.

Engelbrecht, von H, and A. Heidrich. 1978. Long-term coverage of
defect wounds with synthetic skin substitute (Epigard). Fortschr. Med.
96(46): 2339-2343.

Engelhardt, G. H., 1978, Treatment of burns. Experlmental and clini-~
cal studies (Debridement). Fortschr, Med. 96(16): 851-857.

Nayot, C. and G. S. Beagrie. 1978. An assessment of the biocom—~
patibility of "Lyodura” in the oral mucosa of the hamster. J.
Peridontol. 49(1): 181.

Cohen, I. K. and R. F. Diegelmann. 1978. Effect of N-acetyl-cis-4~
hydroxyproline on collagen synthesis, Exp. and Mol, Path. 28: 58-64.

Silverstein, P. and R. J. McDonough. 1977, Laboratory evaluation of a
new synthetic bilaminate physiologic dressing. Surg. Forum 28:
538-539,

Eriksson, E. and M. C. Robson. 1977. New pathophysiologic mechanism
explaining the generalized edema after a major burn. Surg. Forum 28:
540-543,

Kaigsary, A. V. 1977. A temporary biological dressing in the treatment
of varicose ulcers and skin defects. Postgrad. Med. J. 53: 672-673,

Arturson, G. et al. 1977. Symposium "Temporary dressing of burns and
other wounds,” at Scand. Assn. Plast. Surgeons Annual Meeting, June
17-19, 1976, Uppsala, Lakartidningen. /4: 2685~2693.

195




O A N A A, frae Rl W w07 e ey

96.

97.

98.

99.

100.

101.

102.

103.
104.
105.
106.
107.
108.

109.

110.

111,

Tracy, G. D., R. S. A, Lord, C. Kibel, M. Martin, and M. Binnie. 1977,
Varihesive sealed dressing for indolent leg ulcers. Med. J. Australia
121y 777-778.

Li, A. K. C., M. K, Koroly, M. E. Schattenkerk, R. A, Malt, and M.
Young. 1980. Nerve growth factor: Acceleration of the rate of wound
healing in mice. Proc. Natl. Acad. Sci. USA 77(7): 4379-4381.

Faulk, W. P., P. J. Stevens, H. Burges, R. Matthews, J. P. Bennett and

Bae-Li Hsi. 1980, Human amnion as a adjunct in wound healing. Lancet

1(8179): 1156-1158.

Zetter, B. R. and H., N, Antoniades. 1979. Stimulation of human vascu-~
lar endothelial cell growth by a platelet-derived growth factor and
thrombin. J. Supramolecular Structure 11: 361-370.

Mollitt, D. L., M. A, Malangoni, T. V. N. Ballentine, L. D. Mirkin, and
J. L. Grasfeld. 1979. Effect of endotoxin on bursting strength and
collagen deposition in clean wounds. Surg. Forum 30: 479-481.

Chvapil, M., S.R. Hameroff, K. 0O'Dea, E.E. Peacock. 1979. Local
anesthetics and wound healing. J. Surg. Res. 27(6): 367-371,

Miller, C. L. Burns and the Immune Network, from Consensus Development
Conference ~— Supportive Therapy in Burn Care, Nov. 10-11, 1978, at
NIH, Bethesda, MD, in J. Trauma 19, Supp. #11, pp. 880~883.

Saba, T. M. Reversing Multiple Organ Failure. Ibid. pp. 883-886.
Burke, J. F. The Benefits of Prompt Excision. Ibid. p. 924.
Vistnes, L. M. Methods of Excision. Ibid. pp. 924-925.

Auth, D. C. Techniques for Burn Wound Debridement. Ibid, p. 926.
Levenson, S. Debriding Agents. Ibid. pp. 928-30.

Curren, P, W, Herd Questions on Excision. Ibid. pp. 931-3.
Moati, F., M, Miskulin, G, Godeau, and A. M. Robert, 1979. Blood-

brain barrier permeabilizing activity in sera of severe-burn patients.
Neurochem. Res. 4(3) 377-83.

Kramer, G, M., L. C. Fillios, and E. C. Bowler. 1979. Ascorbic Acid
Treatment on Early Collagen Production and Wound Healing in the Guinea
Pig. J. Peridont. 50(4) 189-92.

Mosher, D, F., P, E. Schad, and H. K. Kleinman, 1979. Cross-Linking

of Fidronectin to Coliagen by Blood Coagulation Factor XIII,. J.
Clin. Invest. 64: 781-7.

196

L

!
!
}
¥
t
'



112,

113.

114,

115.

116.

117.

118.

119.

120.

121,

122.

123.

124.

125.

S e e N a0 SR W hebied o e b - Py L -t ton

Pollack, S. V. 1979, Wound Healing: A Review. I. Biology of Wound
Healing. J. Dermatol Surg. Oncol. 5: 389-393.

Clore, J. N., I. K. Cohen, and R, F. Diegelmann. 1979. Quantitation
of Collagen Types I and II1 during Wound Healing in Rat Skin (40548).
Proc. Soc. Exp. Biol. Med. 161: 337-4G.

Eaglstein, W. H. and P, M. Mertz., 1978, New Method for Assessing
Epidermal Wound Healing: The Effects of Triancinolone Acetonide and
Polyethylene Film Occlusion. J. Invest, Dermatol. 71: 382-4,

Lupulescu, A. and J. Habowsky. 1978. Effecis cof Calcitonin on Wound
Healing: A Morphological Study in Rabbits. J. Surg. Res. £§§3):
260-8.

Hormann, H., and F. Jilek. 1977. Funktionelle Reaktionen eines Ober-
flachenproteins von Fibroblasten. Wiener Klinische Wochenschrift
89(21) 728-9.

Lawrence, J. C. 1977. ([Tangential excision and cutaneous graft in
burns, Protection of heat damaged skin by means of temporary covering
(Opsite and Lyofoam)]. Recenti Prog. Med. (Roma) 62: 671-86.

Bremner, D. N., L. E. F. Moffat, and D. lee., 1977. Porcine Dermis as
a Temporary Ulcer Dressing. Practitioner 218(1307) 708-11.

Lerman, M. I., N. G. Kucenko, O, Y. Abakumova, E. M. Kobrina, A. B.
Schechter, L. A. Mamedov, and A, V., Nikolaev. 1977, Stimulation of
Growth of Connective Tissue by Low-Molecular-Weight Constituents from
Rapidly Growing Tissues. Lancet 1(8024) 1225-8.

Russo, A. do C. 1977. The use of synthetic skin substitutes in the
treatment of burns (Epigard). Rev. Hosp. Clin., Fac. Med. S. Paulo 32:
2 1“33 .

Advertisement from Early Winter cstalogue 1981, for a polygel first
aid product, "2nd Skin".

Paul A. King, 1968. U.S. patent # 3,419,006.

1980. Report on Yannas' Artifical Skin. “MIT Reports on Research.”
8(3): 1-2,

1981. Making Skin from Sharks. Time May 4, 1981, p. 53.
Knox, F. S. 1979, Predictability of burn depth: Data analysis and

mathematical modeling based on USAARL's Experimental Porcine Burn
Data. Final Report, Contract #DAMD 17-77-C-7004.

197

coggge 8 gy




126.

127,

128.

129.

130.

131.

132.

133.

134.

135.

136.

137.

138.

B L T

Mannick, J. A. 1978. Investigation of Immunoregulatory Alphaglobulin
(IRA) in Shock and Trauma. Progress Report 1977-1978, Contract #DAMD
17-76~C-6076,

1979. Annual Research Progress Report, 10-1-78 to 9-30-79. U.S. Army
Institute of Surgical Research, Brooke Army Medical Center. pp. 74,
192, 237, 282, 317, 342, 360.

Knox, F. S., T. L. Wachtel, W. P, Trevethan, G. R. McCahan, Jr., and
R. J. Brown. 1978. “A porcine bioassay method for analysis of ther-
mally protective fabrics: A Histological and burn depth grading
system.” Final Report USAARL # 78-11.

Stoll, A. M., J. R. Piergallini, and M. A, Chianta. 1979. Thermal
Conduction effects in Human Skin: III, Influence of Epidermal
thickness and exposure time.” Report # NADC-79035-60.

Wilmore, D. W., L. H, Aulick, A. D. Mason, and B. A. Pruitt. 1977.
Influence of the burn wound on local and systemic response to injury.
Ann, Surg. 186:  444-458.

Levine, N. S., R. A. Lindberg, R. E. Salisbury, A. D. Mason, and B. A.
Pruitt. 1976. Comparison of coarse mesh gauze with biologic
dressings on granulating wounds. Am. J. Surg. 131: 727-729,

Miller, C. L. 1979. Studies of altered response to infection induced
by thermal injury. Annual Report 1978, Contract #DAMD 17-77-C-7012.

Meaburn, G. M., J. L. Hosszu and C. M. Cole. 1978, Radiation
grafting of methacrylates onto silicone rubber: Prototype burn wound
dressing. Int. J. App. Rad. and Isotopes 29: 233-24l.

Wolfe, J. H. N., N. E. O'Connor, A, E. Young, I. Saporoschetz, and J.
A. Mannick. 1980. Relative clinical importance of serum suppressor
factors and cellular suppression in major burns. Surg. Forum 31:
58-61,

Gelfand, J. A., M. B, Donelan, A. Hawiger, and J. F. Burke. 1980.
Role of complement activation in early mortality from burms. Surg.
Forum 31i: 80-82.

Barbul, A., H. L. Wasserkrug, and G. Efron. 1980. Immunostimulatory
action of argnine in humans. Surg. Forum 31: 82-83.

Edgerton, M. T., R. F. Edlich, and G. T. Rodeheaver. 1976.
Decontamination of combat wounds in the injured soldfer. Final Report,
Contract #DADA 17-72-C-2153.

Sell, K. W., Friedlander, G. E., and D. M, Strong. 1976.
Immunogenicity and Freeze-drying. Cryoimmunology 62: 187-198,

198

== e P e




139. Houck, J. C. 1976. Protein chemistry of necrotic wounds. Annual

140.

141,

142,

143,

144,

145.

146.

147.

148.

149.

150.

151.

152,

report 1975 and final report 1976, on ONR Contract # N0O0O14~71-C-0203.

Silverstein, P., F. J. Ruzicka, G. M. Helmkamp, R. A, Lincoln and A.
D. Mason. 1973. In vitro evaluation of enzymatic debridement of burn
wound eschar. Surgery 73(1): 15-22.

Glaser, J. H. 1968. Biologically compatible, synthetic polyelectro-
lyte complex resins for use as tissue/lead adhesives for long-term
percutaneous leads. Report PB 185710 (Amicon Project #4022), Report
1967 and 1968 on Contract PH43-67-1107.

Buettner, K. J. K., E. Robbins, J. Crichlow, M. Pitts, D. Jones, T. E.
Ryan and P. Allison. 1967. Water transfer through human skin.
Report on ONR Contract # NR477(22).

Renner-Smith, S. 1981, Water-gel blanket douses flames, aids burn
victims, Popular Science, July 1981: 62-63.

Dugan, R. C, and F. C, Nance. 1977. Enzymatic burn wound debridement
in conventional and germ-free rats. Surg. Forum 28: 35-36.

Yoshioka, T., W. W. Monafo, and F. Deitz., 1977. Permeability to
sodium of erythrocytes from acutely burned patients. Surg. Forum 28:

Herndon, D. N., D. W. Wilmore, A. D. Mason, and B. A. Pruitt. 1977,
Humoral mediators of nontemperature dependent hypermetabolism in 50
percent burned adult rats. Surg., Forum 28: 37-38.

Steinbronn, K., D. Steinbronn, M. Chvapil and E. E. Peacock. 1977.
Regulation effect of surface proteins on mitosis and synthesis in
fibroblasts. Surg. Forum 28: 40-41.

Baker, H., and A. M. Kligman. 1967. Measurement of transepidermal
water loss by electrical hygrometry. Arch. Derm. 96: 441-452,

1981, Hormone Fragment [TP5] makes good drug. Science News,
June 27, 1981.

Green, H., 0. Kehinde, and J. Thomas. 1979. Growth of cultured human

epidermal cells into multiple epithleia suitable for grafting. Proc.

Natl. Acad, Sci. USA 76: 5665~5668.

Banks-Schlegel, S., and H. Green. 1980. Formation of epidermis by
serially cultivated human epidermal cells transplanted as an epithe-
lium to athymic mice. Transplantation 29: 308-313.

O'Connor, N. E., J. B. Mulliken, S. Banks~Schlegel, 0. Kehinde, and H.
Green, 1981, Grafting of burns with cultured epithelium prepared
from autologous epidermal cells. Lancet 1(8211): 75-78.

199




NI SN e

NN, e e meare e e bty v

153.

154,

155.

156.

157.

158.

159.

160.

161.

162.

163.

164,

165.

Watson, J. D. 1981, Lymphokines and the induction of immune
response. Transplantation 31(5): 313-317.

Eisinger, M., Ji Soo Lee, J. M. Hefton, Z. Darzynkiewicz, J. W. Chiao,
and E, de Harven. 1979, Human epidermal cell cultures: Growth and
differentiation in the absence of dermal components or medium supple-
ment. Proc. Natl. Acad. Sci. U.S.A. 76(10): 5340-5344,

Eisinger, M., M. Monden, J. H. Raaf, and J. G. Fortner. 1980. Wound
coverage by a sheet of epidermal cells grown in vitro from dispersed
single cell preparations. Surgery 88(2): 287-293.

Tavis, M. J., J. W. Thornton, R. H. Bartlett, J. C. Roth, and E. A.
Woodroof. 1979. A new composite skin prosthesis (Biobrane). Burns
7: 123-130.

Schwope, A. D., D. L. Wise, K. W. Sell, W, A. Skornik and D. P.
Dressler. 1974. Development of a synthetic burn covering. Trans.
Am, Soc, Artif. Int. Organs 20A: 103ff.

Schwope, A. D., D. L. Wise, K. W, Sell, W. A. Skornik and D. P.
Dressler. 1977. Evaluation of wound-covering materials. J. Biomed.
Mater. Res. 11: 489-502.

Finley, John M., M.D. 1981. Selections from Practical Wound
Management ~ A Manual of Dressings. Year Book Medical Publishers:
Chicago.

Fox, J. 1981. Model explains c-AMP gene regulation role. Chemical
and Engineering News, August 10:23,

Tavis, M. J., J. W. Thornton, J. H., Harney, R. T. Danet, E. A.
Woodroof, and R. H. Bartlett, 1977. Mechanism of skin graft
adherence: Collagen, elastin, and fibrin interactions. Surgical
Forum 28: 522-523.

Grinnell, F, And M. K. Feld. 1981. Adsorption characteristics of

plasma fibronectin in relationship to biological activity. Jour.
Biomdo Mato Res- _]_..23 363—3810

Speer, D. P,, M, Chvapil, C. D. Eskelson, and J. Ulreich. 1980.
Biological effects of residual glutaraldehyde in glutaraldehyde-tanned
collagen biomaterials. J. Biomed. Mat. Res. 14: 753-764.

Kataoka, K., M. Maeda, T. Nishimura, Y. Nitadori, T. Tsuruta, T.
Akaike, and Y. Sakurai. 1980. Estimation of cell adhesion on polymer
surfaces with the use of "column-method”. J. Blomed. Mat, Res. 14:
817-823.

Garretson, S. H. 1977. An overview of the treatment of the burn
patient. Medical Dept./Hospital Records Div./Abbott Laboratories.
October 10, 1977.

200




g

166.

167.

168.

169.

170.

171.

172.

173.

174.

175.

176.

177.

178.

179,

T e e repgeat et meee oo ey s M W i s .

Bierenbaum, H. S. 1974. Microporous polypropylene dressing.
#3,426,754,

McKnight, J. J. and J. Guldalian. 1974, Polyurethane foam/collagen
foam dressing. U.S. Patent # 3,800,792,

Park, G. B., D. S. Mollison, and J. M. Courtney. 1976. Antibacterial
effects of sulphonamide impregnated membranes. IRCS Med. Sci. 4:325.

Prudden, J. F., P, Migel, P. Hanson, L. Friedrich, and L. Balassa.
1970. The discovery of a potent pure chemical wound-healing accelera-
tor (poly-N-acetyl glucosamine). Am. J, Surg. 119(5): 560-564.

Arturson, G. 1972. Effects of 0~(8-hydroxyethyl)~rutosides (HR) on
the increased microvascular permeability in experimental skin burns.
Acta Chir. Scand. 138: 111-117.

Raekallio, J., M. Mottonen, and L. Nieminen. 1975. Evaluation of
three synthetic films as wound covers. Acta Chir. Scand. 139: 1-5.

Stephens, F. 0., T. K. Hunt, and J. E. Dunphy. 1971. Study of tradi-
tional methods of care on the tensile strength of skin wounds in rats.
Am. J. Surg, 122: 78-80.

Allen, H. E., M. T. Edgerton, G. T. Rodeheaver, M. P. Prusak, L. D.
Kurtz, and P. F. Edlich. 1973, Skin dressings in the treatment of
contaminated wounds. Am J. Surg. 126: 45-48.

Jelenko, C., M., L. Wheeler, A. P. Anderson, B. D. Callaway, and J. C.
McKinley. 1975. Studies in Burns: XIV, Healing in burn wounds
treated with ethyl linoleate alone or in combination with selected
topical antibacterial agents. Ann. Surg. 182(5): 562-565.

Jelenko, C., M. L. Wheeler, A, P. Anderson, D. Callaway, and R. A.
Scott. 1975, Studies in burns: XIII, Effects of a topical lipid on
burned subjects and their wounds. Am. Surg. 41: 466-481.

Person, E. A., C. Jelenko, and G. H. Yeager., 1967. An evaluation of
methyl 2-cyanoacrylate as a burn dressing. Am. Surg. 33(4): 344~348.

Lunan, H, N. 1975, Topical treatment of the burn patient. 1975.
Am. Jo Hospo Phamo }3-: 599—605.

Leonard, F. 1968. The N-alkylcyanoacrylate tissue adhesives. Ann.
N. Y. Acado Scio 146.‘. 203"2130

Wilhelmi, G. 1974. Einfluss von oral verabreichtem Tribenosid auf
die Wundheilung an der normalen Rattenhaut. Arznei. Forsch. 24(6):
934,

201




180.

181.

182.

183.

184,

185.

186.

187.

188.

189.

190.

191.

- Y —_ s pge— = R 3 S Ve SN

Nathan, P., B. G. MacMillan, and I. A. Holder. 1974. Effects of a
synthetic dressing formed on a burn wound in rats: a comparison of
allografts, collagen sheets, and poly(hydroxyethylmethacrylate) in the
control of wound infection. App. Microbiol., 28: 465-468.

Movshev, B. E. 1975. Characteristics of the specific antigen of
burned skin. Bull. Exp. Biol. and Med. 80: 1347.

Vogel, H. G. 1971. Antagonistic effect of aminocacetonitrile and pred-
nisolone on mechanical properties of rat skin, Bioc. Biop. A. 252:
580,

Chvapil, M., R. L. Kronenthal, W. van Winkle, Jr. 1973. Medical and
Surgical Applications of Collagen. International Review of Connective

Tisgue Research 6: 1-61.

Nathan, P., B. G. Macmillan, I. A, Holder. 1975. 1In situ production
of a synthetic barrier dressing for burn wounds in rats. Infec. and
Immun, 12: 257,

Chvapil, M., J. W. Madden, E. C. Carlson, and E. E. Peacock, Jr.
1974, Effect of cis—hydroxyproline on collagen and other proteins in
skin wounds, granuloma tissue, and liver of mice and rats. Exp. Mol.
Path. 20: 363.

Bohmert, H., D. Petzoldt, and F, Schmidtler. 1974, Experimental and
clinical evaluation of polyurethane foam (Epigard) as a temporary
covering on burn wounds. Eur. Surg. Res. 6(Sl): 2l.

Bruck, S. D. 1973, Aspects of three types of hydrogels for medical
applications. J. Biomed. Mat. Res. 7: 387.

Morain, W. D. and L. M., Vistnes. 1977. Ilodinated silicone: An anti-
bacterial alloplastic material. Plast. Recon., Surg. 59: 216.

Trelstad, R. L., K. Hayashi, and J. Gross. 1976. Collagen
fibrillogenesis: Intermediate aggregates and suprafibrillar order.
Proc, Nat. Acad. Sci. USA 73: 4027.

Jacobsson, S., U. Rothman, G. Arturson, K. Ganrot, K. Haeger, and I.
Juhlin. 1972, A new principle for the cleansing of infected wounds
(Debrisan). Scand. J. Plast. Recon. Surg. 10: 65,

Pontén, B. and J. O. Nordgaard. 1976. The use of collagen film
(Cutycol®) as a dressing for donor areas in split skin grafting.
Scand. J. Plast. Recon. Surg, 10: 237,

202




192,

193.

194.

195.

196.

197.

198.

199.

200,

201.

202.

Vistnes, L. M,, E. E. Schmitt, G. A. Ksander, E., H. Rose, W. J.
Balkenhol, and C. L. Coleman. 1976. Evaluation of a prototype thera-
putic system for prolongued, continuous topical delivery of homosulfa-
nilamide in the management of Pseudomonas burn wound sepsis. Surg.
79: 690,

Hunt, J. L., R, Sato, and C. Baxter. 1979. Early tangential excision
and immediate mesh autografting of deep dermal hand burns. Amn. Surg.
189: 147,

Wolfe, J. H. N., I. Saporoschetz, A. E. Young, N. E. O'Connor, and J.
A. Mannick. 1981. Suppressive serum, suppressor lymphocytes, and
death from burns. Ann. Surg. 193: 513,

Brandstedt, S. and P. S. Olson. 1980. Effect of defibrinogenation on
wound strength and collagen formation. Acta., Chir. Scand. 146: 483.

Nathan, P., E. J. Law, B. G. MacMillan, D. F. Murphy, S. H. Ronel, M.
J. D'Andrea and R. A, Abrahams. 1976. A new biomaterial (Hydron) for
the control of infection in the burn wound. Trans. Amer. Soc. Artif.

Int. Orgamns. 22: 30.

Rubin, A. L. and K, H. Stenzel., 1968. The structure and use of
collagen. Biomaterials: Proceedings of a workshop on the status of
research and training in biomaterials at University of Illinois, April
5-6, 1968. L. Stark and G. Agarwal, Eds., Plenum Press, New York,
1969. pp. 157-184,

Nishihara, T., A. L. Rubin and K. H. Stenzel. 1968. Biologically Derived
Collagen Membranes. op. cit. pp. 185-194,

Stefanides, M, M., C. E. Copeland, S. D. Kominos, and R. B. Yee.
1976. In vitro penetration of topical antiseptics through eschar of
burn patients. Ann. Surg. 183: 358.

Ratner, B. D. and A, S. Hoffman. 1976. Synthetic hydrogels for
biomedical applications. Hydrogels for medical and related applica-
tions, ed. J. D. Andrade. Symposium, Divn. Polymer Chemistry, Inc.,
170th meeting ACS, Chicago, I11l., Aug. 27-28, 1975.

Yamada, K. M., K. Olden and I. Pastan. 1978. Transformation—
sensitive cell surface protein (fibronectin): Isolation, charac~
terization, and role in cellular morphology and adhesion. Ann. N. Y.
Acad. Sci. 312: 256.

Zetter, B. R., G. R. Martin, C. R, Birdwell, and D. Gospodarowicz.
1978. Are High-molecular-weight glycoproteins regulators of cellular
growth? Ann. N, Y. Acad., Sci. 312: 293,

203

s e e e ke e s -




203.

204,

205.

206,

207.

208.

209.

210.

211.

212.

213.

214,

215.

216.

.-

-- T e v ey - e,

T et s g e, o T T et s

Zetter, B, R., G. R. Martin, C. R. Birdwell, and D, Gospodarowicz.
1978. Role of high-molecular weight glycoprotein in cellular morpho-
logy, adhesion and differentiation. Ann. N. Y, Acad, Sci. 312: 299,

Rundle, J. S. H., S. H. Cameron, C. V. Ruckley, 1976, New porcine
dermis dressing for varicose and traumatic leg ulcers. Br. Med. J.
7-24~1976.

Jelenko, C., and J. C. McKinley. 1976, Studies in Burns: XV. Use
of a topical lipid in treating human burns. Am. Surg. 42: 838,

Schor, S. L. and J. Court. 1979. Different mechanisms in the attach-
ment of cells to native and denatured collagen. J. Cell Sci. 38:
267. .

3
Behl, C. R., G. L. Flynn, T. Kurihara, W. Smith, 0. Gatmaitan, W. 1.
Higuchi, N. F, H, Ho, and C. L. Pierson. 1980, Permeability of ther-
mally damamged skin. I, Immediate Influences of 60°C scalding on
hairless mouse skin. J. Invest, Derm. 75: 340.

Walker, A. B., D. R. Cooney, and J. E., Allen. 1977. Use of fresh
amnion as a burn dressing. J. Ped, Surg. 12: 391.

Noble, H. G. S., M. C. Robson, and T. J. Krizek. 1977. Dermal ische-
mia in the burn wound. J. Surg. Res. 23: 117,

Olawasanmi, J., and M, Chvapil., 1976, A comparative study of four
materials in local burn care in rabbit model. J, Trauma 16: 348.

Demling, R. H., R. B. Mazess, and W. Wolberg. 1979. The effect of
immediate and delayed cold immersion on burn edema formation and
resorption. J. Trauma 19: 56.

Fischer, S. M., A. Viaje, K. L., Harris, D, R, Miller, J. S. Bohrman,
and T, J. Slaga. 1980, Improved conditions for murine epidermal cell
culture. In Vitro 16: 180.

MacMillan, B, G. 198l. The control of burn wound sepsis. Inten.
Care Med. 7: 63.

Kana, J. S., G. Hutschenreiter, D, Haina, and W. Waidelich. 1981.
Effect of low-power density laser radiation on healing of open skin
wounds in rats. Arch Surg. 116: 293.

Green, H. 1978. Cyclic AMP in relation to proliferation of the epi-
dermal cell: a new view. Cell 15: 80l.

Sugarbaker, P. H. and W. Matthews. 1981, Cytotoxic cells suppress in

vitro generation of cellular immunity by stimulator cell lysis, Cell,
Immun, 57: 124,

204




En )

217.

218.

219.

220,

221,

222,

223.

224,

225.

226.

227.

228.

Buck, D., T. S. Davis, S. H. Miller, W. P. Graham, III, and R. Joehl.
1978, Effect of immediate cooling on tissue gas tension and volume in
the rat (limb) burn model. Clin. Res. 26: A598.

Yamamoto, Y., M. Yano, A. Kurokawa, H. Hemmi, T. Ohtuka, and N.
Nishimura, 1981. Study on the use of immuno activator in the exten-
sive burn patients. Crit. Care Med. 9: 155.

Marcelo, C. L. 1979. Differential effects of cAMP and cGMP on in
vitro epidermal cell .growth. Exp. Cell. Res. 120: 20l1.

Gospodarowicz, D., G. Greenburg, I. Vlodavsky, J. Alvarado, and L. K.
Johnson. 1979, The identification and localization of fibronectin in
cultured corneal endothelial cells: Cell surface polarity and phy-
siological implications. Exp. Eye Res. 29: 485,

Stemberger, A., H.-M. Fritsche, S. Haas, I. Wriedt-Lubbe, and G.
Blumel., 1981, Collagen wound-coverings as inducers of fibrinclots.
Research on collagen—induced clotting, Blut. 42: 119,

Grinnell, F., R. E. Billingham, and L. Burgess. 1981, Distribution
of fibronectin during wound healing in vivo. J. Invest. Derm. 76:
181.

Walder’ A, IQ’ P. D. my, C. P, Bingham, and J. R. Wl‘ight. 1969.
Evaluation of synthetic films as wound covers. Trans. Amer. Soc.
Artif. Int. Organs 15: 29.

Buckley, C. J., C. E, Chambers, W. T. Kemmerer, C. A. Rawlings, H. W.
Casey, and C. W. Hall, 1971, Evaluation of a synthetic bioadherent
dressing as a temporary skin substitute. Trans. Amer, Soc. Artif.

Int. Organs. 17: 4l6.

Hoffman, A. S., G. Schmer, C. Harris, and W. G. Craft. 1972,
Covalent binding of biomolecules to radiation-grafted hydrogels on
inert polymer surfaces. Trans. Amer. Soc., Artif. Int. Organs 18: 10.

Hall, C. W., D, Liotta, J. J. Ghidoni, M. E. DeBakey, and D. P.
Dressler. 1967. Velour fabrics applied to medicine, J. Biomed.
Mater, Res. 1: 179.

Hubacek, J., K. Kliment, J. Dusek, and J. Hubacek. 1967. Tissue
reaction after implantation and in situ polymerization of hydrophilic
gel. J. Biomed. Mater. Res., 1: 387,

Smyth, H. F., C. P. Carpenter, and C. S. Weil, 1950. The toxicology
of the polyethylene glycols. J. Am. Pharm. Assoc. 39: 349,

205




229,

230.

231.

232.

233,

234.

235.

236.

237.

238.

239,

240.

241.

Curtis, R. M., J. H. Brewer, and I. W. Rose. 1957. New technique for
local treatment of burns. J. A. M. A, 147: 741.

Saliba, M. J., W. C. Dempsey, and J. L. Kruggel, 1973. Large burns
in humans—-treatment with heparin. J. A. M. A. 225: 261.

Lee, K. H. and T. G. Tong. 1970, Mechanism of action of retinyl com~—
pounds on wound healing. I: Structural relationship of retinyl com-
pounds and wound heal.ng. J. Pharm. Sci. 59: 851.

Catania, P, N. and J. C. King. 1975. Inhibition of Pseudomonas burn
wound infection by mafenide dry foam. J. Pharm. Sci. 64: 339.

Catania, P. N. and J. C. King. 1975, Inhibition of supraeschar and
subeschar Pseudomonas infection by silver sulfadiazine dry foam. J.
Pharm. Sci. 64: 457.

O'Neill, J. A., Jr. 1973. Comparison of Xenograft and Prosthesis
(Epigard) for burn wound care. J. Ped. Surg. 8: 705.

Lisciani, R., P. S. Barcellona, and B. Silvestrini. 1971. Topical
activity of Bendazac on experimental burns. Japan J, Pharmacol, 21:
69.

Vrabec, R., J. Moserova, Z. Kon{ckové, E. Behounkovg, and J. Blaha.
1974. Clinical experience with enzymatic debridement of burned skin
with the use of collagenase. J. Hyg. Ep. Micro, Imm, 18: 496.

Alexander, J. W., L. M. Wheeler, R. C. Rooney, J. J. McDonald, and B.
G. MacMillan. 1973. Clinical evaluation of Epigard, a new synthetic
substitute for homograft and heterograft skin. J. Trauma 13:

374.

Hershey, F. B., M. J. C, Im, Dae Hoon Kim, and J. E. Hoopes. 1971,
Effect of ATP on glucose metabolism of thermally injured skin in
vitro. J. Trauma 11: 931,

Holder, 1. A., and M. Jogan. 1971. Enhanced survival in burned mice
treated with antiserum prepared against normal and burned skin. J.
Trauma 11: 1041,

Zamick, P. and A, H. Mehregan. 1973. Effect of 1-Triiodothyronine on
marginal scars of skin grafted burns in rats. Plast. Recon. Surg. 51:
71.

Cohen, S. 1966, An investigation and fractional assessment of the
evaporative water loss through normal skin and burn eschars using a
microhygrometer. Plast. Recon., Surg. 37: 475.

206




242,

243,

244,

245,

246,

247,

248,

249,

250.

251.

252.

253,

254.

R e e A e Y ¢ (PN Ty p— T Sy

Chardack, W. M., M. M. Martin, T. C. Jewett, and B. E. Boyer. 1962,
Synthetic substitutes for skin - clinical experience with their use in
the treatment of burns. Plast., Recon. Surg. 30: 554.

Robson, M. C., T. J. Krizek, N. Koss, and J. L. Samburg. 1974.
Amniotic membranes as a temporary wound dressing. Surg. Gyn. Ob. 136:
904,

Jelenko, C,, III, M, L. Wheeler, A, P. Anderson, D. Callaway, and R.

A. Scott, Jr. 1974, Topical lipid protection of burned subjects and
their wounds. Surg. 75: 892,

Skornik, W. A,, and D, P, Dressler., 1973, An evaluation of five per-
cent Sulfamylon cream in control of experimental burn wound sepsis.

Surg. 74: 540,

Arturson, G., and C.-E. Jonsson. 1973. Effects of indomethacin on the
transcapillary leakage of macromolecules and the efflux of prostaglan-
dins in the paw lymph following experimental scalding injury. Upsala
J. Med. Sci., 78: 181.

Jelenko, C., III. 1967, Studies in burns: 1I. Water loss from the
body surface. Ann, Surg. 165: 83,

Blumberg, J. B., P. C. Griffith, and K. A. Merendino. 1960. The
effect of specific compression on soft-tissue response to formalinized

polyvinyl alcohol (ivalon) sponge: A critical evaluation. Ann. Surg.
151: 409,

Chardack, W. M., D, A. Brueske, A. P. Santomauro, and G. Fazekas.
1962, Experimental studies on synthetic substitutes for skin and
their use in the treatment of burns. Ann. Surg. 155: 127,

Zawacki, B. E. 1974. Reversal of capillary stasis and prevention of
necrosis in burns. Ann, Surg. 180: 98.

Robson, M. C. and T. J. Krizek. 1973. The effect of human amniotic
membranes on the bacterial population of infected rat burns. Ann,
Surg. 177: 144,

Leape, L. L. 1972. Kinetics of burn edema formation in primates.
Ann, Surg. 176: 223.

Madden, J, W., and E. E. Peacock., 1971, Studies on the biology of
collagen during wound healing: III. Dynamic metabolism of scar colla-
gen and remodeling of dermal wounds. Ann. Surg. 174: 511; also
ensuing discussion.

Diegelmann, R. F., I. K. Cohen, and A. M. Kaplan. 198l1. The role of
macrophages in wound repair: a review. Plast. Recon. Surg, 68: 107.

207

e mnn o 4am s




-y

T

255.

256.

257.

258.

259.

260.

261.

262.

263.

264,

265.

266.

267.

Topol, B. M., V. L. Lewis, and K. Benveniste. 1981. The use of anti-
histamine to retard the growth of fibroblasts derived from human skin,
scar, and keloid. Plast. Recon. Surg. 68: 227,

Langer, R., H. Brem, and D. Tapper. 1981. Biocompatibility of
polymeric delivery systems for macromolecules, J. Biomed. Mater. Res.
15: 267.

Alexander, J. W., B. G, MacMillan, E. Law, and D. S. Kittur. 1981,
Treatment of severe burns with widely meshed skin autograft and meshed
skin allograft overlay. J. Trauma 21: 433,

Norton, L. and M. Chvapil. 1981. Comparison of newer synthetic and
biological wound dressings. J. Trauma 21: 463.

Loegering, D. J. 1981. Hemolysis following thermal injury and
depression of reticuloendothelial system phagocytic function. J.
Trauma 21: 130.

Raine, T. J., J. P. Heggers, M. C. Robson, M. D. London, and L. Johns.

1981. Cooling the burn wound to maintain microcirculation. J. Trauma

21: 39,

Grinnell, F., R. E., Billingham, and L. Burgess. 198l1. Distribution
of fibronectin during wound healing in vivo. J. Invest. Derm. 76:
181.

Aoyagi, T., K. Adachi, K. M. Halprin, V. Levine, and C. W. Woodyard.
1981, The effect of histamine on epidermal outgrowth: its possible
dual role as an inhibitor and stimulator. J. Invest. Derm. 76: 24.

Bjornson, A. B,, H. S. Bjornson, and W. A. Altemeier. 198..
Reduction in alternative complement pathway mediated C3 conversion
following burn injury. Ann, Surg. 194: 224,

Nanney, L. B. 1981. The effects of severe thermal injury on the gly-
cosaminoglycans of guinea pig skin. J. Invest. Derm. 76: 227.

Elias, P, M., E. R. Cooper, A. Korc, and B. E. Brown. 1981l.
Percutaneous transport in relation to stratum corneum structure and
lipid composition. J. Invest. Derm. 76: 297,

Clark, R. A. F., P. Dellapelle, H, F. Dvorak, and R. B. Colvin. 1981.
Fibronectin: A tissue matrix protein associated with fibroblast,
epithelial cell and endothelial cell migration during wound healing.
J. Invest, Derm, 76: 335A.

Brody, G. S., S. T, J. Peng, and R, F, Landel., 1981. The etfology of
hypertrophic scar contracture: Another view. Plast. Recon. Surg. 67:
673.

208

L ]



268.

269.

270.

271.

272.

273.

274,

275.

276.

277.

278.

279.

280.

-~ TR PP g b e o

Nahas, L. F., and B. L. Swartz. 1981, Use of semipermeable
polyurethane membrane for skin graft dressing. Plast. Recon. Surg.
67: 791.

Harris, R. L., G. L. Cottam, J. M. Johnston, and C. R. Baxter. 1981,
The pathogenesis of abnormal erythrocyte morphology in burns. J.
Trauma 21: 13.

Caldwell, F. T.,, B. H. Bowser, and J. H, Crabtree. 1981, The effect
of occlusive dressings on the energy metabolism of severely burned
children. Ann. Surg. 193: 579.

Harris, R. R., I. C. MacKenzie, and R. A. D, Williams. 1980. An exa-
mination of the relationship between experimentally altered rates of
epidermal proliferations and rates of epidermal metabolism assayed in
vitro. J. Invest. Derm. 74: 402,

Aoyagi, T., K. Adachi, K. M. Halprin, and V. Levine. 1980. The
effects of epidermal growth factor on the cyclic nucleotide system in
pig epidermis. J. Invest. Derm. 74: 238.

Smith, S. D. 1979. Electrically altered adult newt lens regenera-
tion. J. Electrochem Soc. 126: 143C.

Robson, M. C., Jo Kucan, K. I. Paik, and E., Eriksson. 1978,
Prevention of dermal ischemia after thermal injury. Arch. Surg. 113:
621. '

Mayer, M, M. 1973, The complement system, Scientific American
229(5): 54.

Baier, R. E., E. G. Shafrin, W, A, Zisman. 1968. Adhesion:
Mechanics that assist or impede it. Science 162: 1360.

Jenkin, H, M. 1978. Final report ONR Contract # N0OOO14-75-C-0903.

Determination of the active component(s) of heparin associated with

wound healing after severe burn: structural analysis and biological
activity.

Silver, F, H., 1. V, Yannas, and E. W. Salzman. 1978. GAG inhibition
of collagen-induced platelet aggregation. Thrombosis Research 13(2):
267-277.

Savage, C, R., and S. Cohen., 1972, Epidermal growth factor and a new
derivative—-rapid isolation procedures and biological and chemical
characterization. J. Biol. Chem, 247: 7609.

Taylor, J, M., W. M, Mitchell, and S. Cohen. 1972. Epidermal growth
factor: Physical and Chemical properties. J. Blol. Chem. 247: 5928.

209




281.

282.

283.

Snelling, C. F. T., A. R, Ronald and G. E. Johnson. 1970. Topical
gentamicin therapy on the burn wound. Plast. Recon. Surg. 46: 158,

Burke, J. F., I. V. Yannas, W. C. Quinby, C. C. Bondoc, and W. K.
Jung. Successful use of a physiologically acceptablc artificial skin
in the treatment of extensive burn injury. Anun. Surg. 194, 413-428
(1981).

Yannas, L. V., J. F. Burke, D. P, Orgill, and E. M. Skrabut. Wound
Tissue Can Utilize a Polymeric Template to Synthesize a Functional
Extension of Skin. Science 215 (4529):174~6.

210




R R TR

b e

Unclassified
SECURITY CLASSIFICATION OF THIS PAGE (When Dets Entered)
REPORT DOCUMENTATION PAGE i L
[T REPORT NUMBER 2. GOVY ACCESSION NO| 3. RECIPIENT & CATALOG NUMBER
& TITLE (and Subritie) 3. TYPE OF REPORT & PEMOD COVERED
Assessment of Wound Therapy Systems Final Report 2}4}42?_

s F:nromyi%%nc. REPORT NUMBER

7. AUTMOR(e) 8. CONTRACY OR GRANT NUMBER(s)
Stanton deRiel, Joseph D. Gresser, Ph.D.,
Constance E. West, Donald L. Wise, Ph,D. N00014-81~C-0468

9. PERFORMING ORGANIZATION NAME AND ADDRESS 10. PROGRAM ELEMENT. PROJECT, TASK

AREA & WORK UNIT NUMBERS

Dynatech R/D Company

99 Erie Street 0002
| 02139
11. CONTROLLING OFFICE NAME AND ADORESS 12. REPORTY DATE
Program Director/Biophysical Sci. Div. May 7, 1982
Office of Naval Research/800N.Quincy St. 3. NUMBER OF PAGES
1rAIl%p§£Qn;_YA, 22217 210
. MONITORING AGENCY NAME & ADDRESS(/ dilferent trom Controlling Oftice) 15. SECURITY CL ASS. (of thia report)
same as 11 unclassified

SCHEOULE

15a. ODECLASSIFICATION ' DOWNGRADING
N/A

16. DISTRIBUTION STATEMENT (of this Report)

17. DISTRIBUTION STATEMENT (of the abstract entered in Block 20, il dillerant trom Report)

Same as 16

16. SUPPLEMENTARY NOTES

19. KEY WORDS (Continue on reverse side if necer.u7- and identily by block number)

burn wounds growth factors poly-e-
assessment of therapy antibiotics caprolactoge
immediate post-burn coverings wipe-on evaluation T
pogt excision burn coverings adherence

20. AD ACT (Continue on reverse side (f necessary snd identtty dy block number)

wche current state of burn-wound therapy and treatment was investi-
gated. Literature sources of the period 1977 - August, 1981, were
surveyed, yielding 283 references discussed in the review of burn
wound treatment and healing. Interviews were held with eight
researchers currently active in the development of materials for
burn wound coverings. Their activities and opinions were summarized.

(cont. on reverse side)

DD ("on%s 1473 eoimion o 1 nov 68 18 ossoLETE

SECURMITY CLASSIFICATION OF THis PAGE (When Data En




e o C o emie e e v e et - L Y TNl PY i

\\
e 1

20. Abétrdét (continued)
—t

The adherence of four wound coverings to areas of skin excision
on rats was measured. Quantitative measures of adherence were obtained
and differences in fluid accumulation under the coverings were observed.

A poly—~e-caprolactone covering developed for the Navy was tested
in two pig experiments and evaluated by means of bacteriology, histopathology,
and pervaporation rates.

~

A pilot study sz-performed for the purpose of developing and eval-
uating methods for performing an efficacy study on a "wipe on" burn dressing.
The methods developed included a procedure for anesthetizing the pig during the
burning procedure, a method for restraining the pig during the observation
period of 48 hours, a method for generating burns which were reproducibly
between second and third degree in severity, methods for grading the burn
wounds at the clinical and histological level, methods for evaluating the
microbial activity on the surface of the burn wound, a method for applying
the "wipe on" dressing, and a method for measuring the rate of evaporation
from the skin surface. The methods were described and evaluated and suggestions
were made for improving the methodology in future burn studies. Preliminary
data, based on a one pig study with four covered and four uncovered burns,
did not support a significant difference between covered and uncovered wounds
evaluated 48 hours after burning.

The second pig experiment compared 5 covered and 5 uncovered burn sites.
There was significantly less microbial activity on the surface of covered
burn sites relative to that of uncovered sites ( P = 0,01). Application of
the wound dressing caused a significant (P = 0.0l) decrease in the cumulative
rate of evaporation from burned sites, as determined at 48 hours post
treatment. Microscopic evaluation of skin biopsies removed 48 hours after
treatment did rot reveal any effect of the synthetic dressing on the severity
of the wound.




~~

LY

DISTRIBUTION LIST

Reports were distributed to the following:

Addressee

Scientific Officer
Administrative Contracting Officer

Director _
Naval Research Laboratory
Attn: Code 2627
Washington, D.C. 20375

Defense Technical Information Center
Bldg. 5, Cameron Station
Alexandria, Virginia 22314

Office of Naval Research
Eastern Centeral Regional Office
Bldg. 114, Section D
666 Summer Street
Boston, Massachusetts 02210

DODAAD

Code

NO0O14

§2206A

NOO173

547031

N62879

Number of

Copies

12







